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Summary
Psychiatric disorders and a history of suicide attempts are the best known risk factors for 
suicide. Thus, major changes in mental health services and interventions aimed at patients 
who have attempted suicide might affect the risk of subsequent suicide attempts and suicide. 
The overall aim of the present thesis was to evaluate the impact of health services on suicidal 
behaviour, and thereby gain new knowledge relevant for preventing suicidal behaviour.
The thesis consists of three papers. Paper I was designed as a prospective cohort study. We 
investigated whether individuals admitted to inpatient psychiatric care after a suicide attempt 
had shorter length of stays in the period 1996-2006 than individuals admitted in the former 
period 1984-1995. We also considered whether length of stays and time period in which the 
patients received treatment were related to the risk of subsequent suicide attempts and/or 
suicide.  Individuals hospitalised in the period 1996-2006 had significantly shorter stays than 
individuals hospitalised in the former period (log rank P < 0.01). However, ‘length of stays’ 
and ‘period of treatment’ were not related to the risk of subsequent suicidal behaviour 
(adjusted P > 0.05). Considering that shortened length of stays might increase the likelihood 
of incomplete recovery, and thereby increased risk of subsequent suicidal behaviour, our 
interpretation of the results were that shortened length of stays was compensated by improved 
mental health services, in particular through the major extension of outpatient services. 
Paper II was designed as an ecological study. We examined whether increased resources in 
specialist mental health services in the period 1990-2006 were inversely associated with 
female and male suicide mortality in five Norwegian health regions.  None of the variables 
that measured mental health service resources (number of man-labour years by all personnel, 
number of discharges, number of outpatient consultations, number of inpatient days and 
5
number of hospital beds) were associated with female or male suicide mortality (adjusted P > 
0.05).
Paper III was designed as a prospective cohort study. The aim was to explore whether a chain 
of care intervention aimed at individuals who have attempted suicide was effective in 
preventing subsequent suicide attempts and suicide. In general, a chain of care intervention 
means the establishment of an integrated health care system which aims to improve quality of 
care.
We compared the risk of subsequent suicidal behaviour among patients who received a 
community based chain of care intervention in addition ’to treatment as usual’ with patients 
who only received ’treatment as usual’. We observed no significant differences between the 
two groups in the risk of a repeated suicide attempt; not within six months (adjusted OR = 
1.08; 95% CI = 0.66-1.74), 12 months (adjusted OR = 0.86; 95% CI = 0.57-1.30) or five 
years of follow-up (adjusted RR = 0.90; 95 % CI = 0.67-1.22). Nor did we observe 
significant differences in the risk of committing suicide (adjusted RR = 0.85; 95% CI = 0.46-
1.57).
Intervention was not assigned to patients for whom the standard aftercare was already 
deemed sufficient.  Thus, we interpreted the results to indicate that this intervention was at 
least able to render, in terms of outcomes, patients judged to be needier and those judged to 
be less needy, as indistinguishable. 
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1. Introduction 
Psychiatric disorders are the strongest known risk factor of suicidal behaviour, and a 
previous suicide attempt is the best known predictor of subsequent suicide attempts and 
suicide. Hence, successful treatment of psychiatric disorders and successful health care 
interventions after attempted suicide may prevent future fatal and non-fatal suicidal 
behaviour.
During recent decades, extensive changes have been implemented in Norwegian mental 
health services. The present thesis aimed to investigate whether these changes have impacted 
the risk of suicidal behaviour. In addition, we explored whether a community based chain of 
care intervention aimed at individuals who have attempted suicide was effective in 
preventing subsequent suicide attempts and suicide. 
 The introduction of this thesis begins with a discussion and clarification of how the 
construct of suicidal behaviour is understood. 
1.1 Nomenclature 
One problem in suicide research is the lack of standard nomenclature with clear conceptual 
and operational definitions [1-7]. In current suicide research, different researchers apply 
different conceptions, and thus bewilderment about what constitutes ‘suicidal behaviour’, 
‘deliberate self-harm’, ‘suicide-related behaviour’,’ parasuicide’, ‘suicidality’ and how to 
define ‘suicide’ and ‘attempted suicide’ is continuously present [2-4]. Consequently, this may 
obstruct valid comparisons of incidence and prevalence estimations across countries and 
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studies [4]. Further, it complicates the validity of risk assessments and measures on treatment 
effectiveness [4].  
As an example: a frequently cited systematic review study by Owens and co-workers [8] 
aimed to estimate the incidence of non-fatal repetition of self-harm. However, they included 
studies that addressed different phenomena like ‘self-poisoning’, ‘deliberate self-harm’, 
‘parasuicide’, ‘attempted suicide’ and ‘suicidal behaviour’. A closer look at two of the 
included studies makes it evident that different, and perhaps non-comparable patient groups, 
were addressed. In the included study by Hawton and co-workers [9], rates of deliberate self-
harm were addressed, defined as both self-poisoning, that is “intentional self-administration of 
more than the prescribed dose of any drug whether or not there is evidence that the act was 
intended to cause self harm”, and self-injury, that is “any injury recognised by hospital staff as 
having been deliberately self-inflicted”. When compared to the included study by Van der 
Sande and co-workers [10], which addressed attempted suicide, it is easy to see that different 
patient groups were addressed, because patients who displayed habitual self-mutilation and 
patients with accidental drug overdoses were excluded in this study. 
In 2006, De Leo and co-workers [4] made a comprehensive effort to create a nomenclature for 
the entire spectrum of suicidal behaviours. This nomenclature is shown in Fig 1. Three broad 
outcomes are identified: ‘fatal suicidal behaviour’, ‘non-fatal suicidal behaviour with injuries’ 
and ‘non-fatal behaviour without injuries’. Three key terms are used as distinguishing 
components: ‘outcome’, ‘responsibility’ and ‘intent’. Intent is quantified as any degree that is 
greater than zero. 
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Fig 1. Flow chart of fatal and nonfatal suicidal behaviour. Copied from De Leo and co-workers (2006) [4]. 
In the nomenclature created by De Leo and co-workers, self-initiated behaviours that are not 
motivated by the wish to die may be categorised as non-fatal suicidal behaviours. This could 
be conceived as controversial because one could logically argue that fatal and non-fatal 
suicidal behaviours are only distinguishable by the outcome. Instead, Silverman and co-
workers [3] proposed a different solution than De Leo and co-workers. According to 
Silverman and co-workers, suicide-related behaviours should be determined by the evidence 
of intent to die. If the behaviour is intended, it should be categorised as attempted suicide or 
suicide, dependent on the outcome; if not, the behaviour should be categorised as self-harm or 
self-inflicted unintentional death. In cases with unknown intent, the behaviour, dependent on 
outcome, should be categorised as an undetermined suicide-related behaviour or self-inflicted 
death with undetermined intent.
Empirical research has shown that individuals engaging in behaviour commonly defined as 
deliberate self-harm, self-poisoning, parasuicide or attempted suicide have a different socio-
demographic profile than individuals who commit suicide [11-13]; and it has been suggested 
that fatal and non-fatal suicidal behaviours are different, although clearly overlapping, 
phenomena [14]. On the other hand, it is arguable that an operational definition which 
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differentiates between fatal and non-fatal behaviours merely by the outcome of the behaviour, 
would also expectably mean that individuals engaging in such behaviours were more similar 
on psychological and socio-demographical profiles. However, such a definition could be 
empirically useless, given the difficulties inherent in ascertaining intent. 
In the present thesis, attempted suicide is defined as:  “An act with nonfatal outcome, in 
which an individual deliberately initiates a non-habitual behaviour that, without intervention 
from others, will cause self-harm, or deliberately ingests a substance in excess of the 
prescribed or generally recognised therapeutic dosage, and which is aimed at realising 
changes which the subject desired via the actual or expected physical consequences” [15]. 
This definition recognises the difficulties inherent in ascertaining intent and excludes habitual 
or self-mutilating behaviours [4]. 
Suicide is, in the present thesis, classified by Statistics Norway according to the “International 
Classification of diseases and Causes of Death (ICD)” taxonomy. In this taxonomy, suicide is 
a residual mode, that is, to be used when natural, accidental or homicidal causes of death 
cannot be confirmed [4]. The crucial elements in this process of categorisation are the locus of 
origin (self-initiated) and the intention (to cause, or not to cause, death) [4]. In the present 
thesis, suicidal behaviour refers to attempted suicide and suicide as defined above. 
1.2 Epidemiology 
According to the World Health Organization [16-18], suicide is a substantial public health 
problem. In the year 2000, it was estimated that about 800,000 individuals died from suicide 
around the world (14.5 suicides per 100,000 person-years) [16]. “Suicide rates vary 
according to region, sex, age, time, ethnic origin, and, probably, practices of death 
registration” [19]. In Norway, approximately five hundred and twenty deaths are annually 
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registered as suicides (11.3 suicides per 100,000 person-years; based on average figures in 
the ten year period 2000-2009) [20]. As seen in Fig. 2, the Norwegian suicide rate increased 
substantially during the 1970s and 1980s. After the peak in 1988, the total suicide rate 
dropped by 37% from 16.8 per 100,000 in 1988 to 12.2 in 1994; after 1994, the rate levelled 
off to a -1% Annual Person Change (APC), calculated as (RR-1)*100% (RR = 0.991; 95% 
CI = 0.986-0.996). In the ten year period 2000-2009, men had about three times higher 
suicide incidence than women (RR = 2.582; 95% CI = 2.432-2.742). 
Fig. 2: Suicide mortality in Norway per 100,000 inhabitants (1970-2009) 
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The life-time prevalence of attempted suicide, has in Australia and the United States, been 
estimated to be above 4% [21, 22]. If this estimate holds for Norway as well, there are 
approximately four attempts for every suicide in Norway. In the municipality of Bærum, 
Norway, approximately 50 per 100,000 inhabitants attempted suicide annually in the period 
2003-2007 (Rate = 49.5; 95% CI = 43.8-55.9). If this incidence is representative for the 
whole country, then approximately five individuals will annually attempt suicide for every 
individual who dies by suicide in Norway. 
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In the period 1984-2007, the incidence of attempted suicide in Bærum declined by -4.5% 
APC (RR = 0.955; 95% CI = 948-962). Women had about two times higher incidence of 
attempted suicide than men in this period (RR = 1.900; 95% CI = 1.770-2.039). As seen in 
Fig. 3, the total rate had a steep annual decline in the first seven years (RR = 0.915; 95% CI = 
0.886-0.946) and levelled off from 1991 (RR = 0.973; 95% CI = 0.960-0.985). The steep 
decline observed in the beginning of this period may be real, or may be caused by changes in 
definitional criteria implemented after 1986. 
Fig. 3: Attempted suicide in the municipality of Bærum, Norway, per 100,000 inhabitants (1984-2007) 
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As seen in Fig. 4, the incidence of repeated attempts within 12 months from the first recorded 
attempt was stable throughout the period 1984-2007 in Bærum. In a systematic review study, 
Owens and co-workers [8] estimated that about 15% repeated the attempt within 12 months, 
and that between 0.5-2% died by suicide one year after the attempt and above 5% after nine 
years. The corresponding figures for Bærum were 12% (95% CI = 10.7 to 14.1) for repetition 
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within 12 months, and 1.1% (95% CI = 0.67-1.83) for suicide after one year and 4.6% (95% 
CI = 3.37-6.22) after nine years. 
Fig. 4: Annual rate of repeated attempts within 12 months from the first recorded suicide attempt 
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It has been estimated that about 20-40% of individuals who commit suicide have previously 
attempted [23-25]. Compared to the general population, individuals who have attempted 
suicide have about 40 times the risk of dying by suicide (a meta-analysis estimate based on a 
population of 1700 from three countries; follow-up period between 0 and 20 years) [26]. The 
risk is found to be highest within six months after the attempt [27]. However, excess suicide 
risk is also found decades later [28]. In addition, individuals who have attempted suicide are 
more likely to die prematurely from all mortality causes than individuals in the general 
population [29]. Within a mean follow-up time of five years, Ostamo and Lonnqvist 
estimated that mortality of all causes was 15 times that expected among male attempters, and 
nine times that expected among female attempters [29]. 
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1.3 Risk factors 
Like most behaviour, suicidal behaviour is likely to be a result of a complex interaction of 
cultural [30-32], social [33-38], psychological [39-42] and biological factors [43-45]. The 
various factors that contribute to suicidal behaviours can be described in an explanatory 
model such as the stress-diathesis model (Fig. 5) [19]. 
Fig. 5. Stress-diathesis model of suicidal behaviour (Copied from Hawton et al. 2009) [19].
Suicidal 
behaviour
HopelessnessPsychiatric
disorder
Stressor Diathesis
Psychosocial 
crisis
Impulsivity or 
aggression
In short, this psychological model supposes that a given biological/genetic vulnerability or 
predisposition (diathesis), in interaction with a given environment or life event (stressors), 
will lead to the disorder or behaviour of interest. Proximal stressors like acute psycho-social 
crisis or psychiatric disorders can, in interaction with distal factors like pessimism, 
hopelessness, aggression or impulsivity trigger suicidal behaviour [19]. 
1.4 Psychiatric disorders 
The vast majority of individuals with a psychiatric disorder do not attempt suicide or die by 
suicide [24]. Hence, psychiatric disorders are an insufficient condition of suicidal behaviour. 
Nevertheless, psychiatric disorders are the best known risk factor for suicidal behaviour, that 
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is, suicidal behaviour is considerably more frequent among individuals with a psychiatric 
disorder than among individuals without [11, 12, 19, 25, 26, 35, 46-50]. 
The classic approach to investigate characteristics of people who have committed suicide is 
known as the psychological autopsy method [19, 51]. This method involves retrospective 
collection of information, usually structured interviews with key informants like family 
members, relatives and close friends of the deceased, together with examinations of official 
medical records and interviews with health personnel [52, 53]. In a review of these studies it 
was estimated that a diagnosable psychiatric disorder was present in about 90% (95% CI = 
81-98) of people who committed suicide [25]. The relative risk between psychiatric disorders 
and suicide was found to range from 1.98-6.28 [25, 54-60]. 
Among the psychiatric disorders, various subtypes of affective disorders have been found to 
give the highest risk [25]. For instance, the lifetime suicide risk among individuals with a 
major depressive disorder has been estimated to be 7% in men and 1% in females, 
respectively (combined risk 3.4%) [61]. To show the consequences of this association, we 
can estimate the expected number of suicides attributable to major depression in a 
hypothetical Norwegian cohort of 100,000 men. The 12-months prevalence of major 
depression in Norwegian men has been estimated to be 4.1% [62]. Thus, in 100,000 
Norwegian men, 4,100 will have a major depressive disorder. Among these, 287 (7%*4100) 
will commit suicide. In comparison, the lifetime suicide risk in the total Norwegian male 
population is 1.178% (15.5 suicides * 76 expected life-years/ 100,000 person-years), which 
will result in 1178 suicides. Thus, about ¼ (287/1178) of the suicides in the cohort can be 
attributed to major depressive disorder. 
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Moreover, virtually all psychiatric disorders have been found to increase the risk of suicide, 
except mental retardation and dementia [26]. Generally, the risk is highest for functional 
disorders and lowest for organic disorders with substance abuse disorders in between [26]. 
Further, suicide risk is found to increase with illness severity. In a Norwegian cohort study, 
Bramnes and co-workers [48] found a dose-response effect of self-reported anxiety and 
depression problems on suicide mortality. In particular, illness severity that necessitates 
hospital admission has been strongly associated with suicide [35, 46, 47, 63, 64]. For 
instance, in a Danish population-based nested case-control register study, it was documented 
that about 50% of all those who had died by suicide, had been, or were at the time of death, 
psychiatric inpatients [46]. Suicide risk has been found to peak in the first week after 
admission and immediately after discharge [47]. Among inpatients, a profile has been 
identified for patient groups at particularly high risk, namely patients with previous self-
harming behaviour, admission for deliberate self-harm/suicidal ideation, living alone, work 
stresses at follow-up, compulsory admissions and being out of contact with services after 
discharge [65]. 
As with suicide, psychiatric disorders are also the strongest known risk factor for attempted 
suicide. About 90% of individuals presented to an emergency unit after attempting suicide 
had at least one psychiatric disorder [11, 49, 50]. Depression, substance abuse, anxiety 
disorders and aggressive behaviour disorders have, in particular, been found to distinguish 
suicide attempters from non-attempters [11-13]. Co-morbidity is common, in particular co-
occurrence of mood and substance abuse disorders [66, 67].
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1.4.1 How much of the variation in suicide mortality is attributable to 
psychiatric disorders? 
One approach to answering this question is to estimate the theoretical maximum number of 
cases that could be prevented if everyone had the same risk as those not exposed to 
psychiatric disorders. This estimate is referred to as the population attributable risk (PAR). In 
contrast to risk ratio- and odds ratio estimates, PAR takes account of how prevalent the 
exposure is [68].
To show how the PAR-estimate accounts for the number of exposed individuals in the 
population, I will use crude figures presented in the paper: “Psychiatric illness and risk 
factors for suicide in Denmark” [46]. In this paper, Mortensen and co-workers used Danish 
registries to study suicide risk in relation to psychiatric hospitalisation. The study had a 
population-based nested case-control design. In a case-control design, PAR is defined as: 
P(E/D)*[(RR-1)/(RR)], where P(E/D) is the proportion of cases exposed to the factor and RR 
is the risk ratio [68].
Based on crude figures shown in Table 1, the risk of suicide is 78 times greater among 
individuals recently discharged (<30 days) than among individuals never hospitalised; 
whereas the risk of suicide is 20 times greater among individuals with a history of hospital 
admission than among individuals never hospitalised. If a totally successful intervention 
eliminated the exposure among individuals recently discharged, 6% of the suicides would be 
prevented; whereas 46% of the suicides would be prevented if the intervention was aimed at 
individuals with a history of admission. Although the risk of suicide is 4 times greater among 
individuals recently discharged than among individuals with a history of admission, more 
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lives would be saved by intervening among individuals in the latter group because more 
individuals would be under exposure.
Table 1. Crude figures of cases and controls in relation to psychiatric hospitalisation
Non-exposed Ever admitted to ward Total 
Controls 76284 3587 79871 
Cases 419 392 811 
OR = 20 PAR = 46% 
Non-exposed Discharged < 30 days Total 
Controls 79805 66 79871 
Cases 762 49 811 
OR = 78 PAR = 6% 
The adjusted PAR of a history of psychiatric hospital admission for suicide was in the study 
by Mortensen and co-workers estimated to be 44.6% [46]. In the psychological autopsy 
studies, the estimated population attributable risk for the relation between any psychiatric 
disorder and suicide in the general population was estimated to be between 47-74% [25]. 
In Norway, based on a random sample of the inhabitants in Oslo, it was estimated that the 12 
months prevalence of all psychiatric disorders was 33%; whereas the lifetime prevalence was 
52% [62]. In addition, statistics show that every year about 75 individuals who are currently 
in treatment for psychiatric disorders in specialist mental health services die by suicide, 
accounting for about 15% of all suicides per year in Norway [69]. Thus, the theoretical 
suicide prevention potential attributed to successful treatment can be assumed to be 
substantial. 
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1.4.2 Bias
Suicide is a rare outcome and is therefore often studied retrospectively (e.g. case-control 
design), as in the psychological autopsy studies. An important methodological challenge in a 
retrospective design relates to the fact that exposure information is obtained after the outcome 
has occurred [70]. This may lead to the systematic error known as recall bias: in retrospect, 
informants may actively ‘search after meaning’ or ‘explanation’ for why the outcome 
occurred. Thus, it may be that psychiatric disorders are more sought after as an explanation 
among suicide victims than among controls. Another potential bias in suicide research, 
independent of design, is the possibility that the coroners may be more likely to return suicide 
verdicts in those with known psychiatric disorders [25]. In sum, it is important to be aware 
that systematic errors in suicide research may have led to an overestimation of the association 
between psychiatric disorders and suicide. 
1.5 The relationship between mental health services and suicidal 
behaviour 
Psychiatric disorders are probably the most important single factor in the pathway to suicide. 
Thus, it is reasonable to assume that substantial changes in how mental health services are 
organised, extended or improved may have an impact on suicide mortality. The key 
assumption is that successful treatment of a psychiatric disorder will make the individual less 
likely to commit suicide, given that all other relevant factors are constant. At the societal 
level the assumption is that more successful treatment of individuals with psychiatric 
disorders will result in reduced suicide rates, given that all other relevant factors are constant. 
In most Western countries, a psychiatric reform labelled de-institutionalisation has been 
implemented during the last 30-40 years [71, 72]. Three key elements have been identified in 
the process of de-institutionalisation: 1) traditional psychiatric institutions were downsized 
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(de-hospitalisation); 2) alternative services in general hospitals, outpatient services or other 
settings were established (trans-institutionalisation); 3) community-based inpatient and 
especially outpatient services were established (de-centralisation) [71, 72]. Although this 
process has, to some degree, varied by time and country, the main common trend has been a 
substantial downsizing of beds in traditional large psychiatric hospitals in favour of 
outpatient services, psychiatric wards in general hospitals and de-centralised psychiatric 
centres [71]. 
Few, if any, have argued for the return of the asylum. However, several researchers have 
related the reduction in psychiatric hospital beds to an observed increase in suicide mortality 
[73-78]. In a descriptive study of patients in a general hospital psychiatric unit, Basset and 
Tsourtos [79] observed an increase in attempted suicide and suicide over the period 1988 to 
1991. They linked this increase in suicidal behaviour to the closure of traditional psychiatric 
hospitals. The mechanism outlined was that this closure led to increased demand on clinical 
facilities in general hospitals; hospitals that were not equipped to cope adequately. They 
observed that more patients were treated in the general hospital over this period and that 
length of stays was reduced in order to cope with increased demands without an increase in 
resources.
In a descriptive study from Denmark, Munk-Jørgensen [77] observed a 100% increase in 
suicide mortality among non-organic psychotic patients in the area of de-institutionalisation. 
In a similarly designed study from Norway, Hansen [75] and co-workers found an increase in 
suicide mortality among psychiatric patients after the process of de-institutionalisation. The 
mechanism outlined was related to the necessity of psychiatric hospital care for some patient 
groups. It was argued that the bed reduction policy has gone too far, and that the result is 
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crowded wards and increased use of coercion [74, 77]. In addition, in Denmark it has been 
shown that newly established mental health services are used by patients that have not 
previously been treated [77]. In other words, the services provided to compensate for reduced 
inpatient capacity may be used by a different and new patient group. Thus, it might be that 
for more severe patient groups, the reorganisation from hospital-based to community-based 
mental health services has resulted in the unwanted outcome of insufficient treatment, 
premature discharges and incomplete recovery. Consequently, more of these patients may 
have committed suicide. 
In addition to structural changes in the organisation of mental health services, the 
accessibility of such services has been linked to variation in suicide mortality [80, 81]. The 
idea is that extended provision of mental health services will result in more individuals being 
treated for psychiatric disorders [82], which in turn should result in fewer individuals at 
increased risk of suicide. In an ecological study from the United States, Tondo and co-
workers [81] found that states with higher access to mental health services had lower suicide 
rates. In Austria, Kapusta and co-workers [80] found that both density of psychiatrists and 
sales figures of anti-depressants were associated with suicide mortality at the societal level. 
On the other hand, there are studies that have shown no ecological relationship between 
variation in mental health services provision and suicide rates [83-85]. 
1.6 Changes in Norwegian mental health services 
In the Norwegian democratic welfare state, public authorities are responsible for providing 
and financing health services [86]. The municipalities have responsibility for the provision of 
primary health services and the central government has responsibility for the provision of 
specialised health services. All Norwegian citizens have, by law, the right to necessary and 
adequate health treatment and care [86]. 
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In Norway, the process labelled ‘de-institutionalisation’ started in the mid-1970s with de-
hospitalisation [71]. This bed-reduction policy accelerated throughout the 1980s. In the ten 
year period from the end of 1980 to the end of 1990, the number of beds in adult mental 
health institutions was reduced by 35% [87]. The total reduction of beds continued throughout 
the 1990s, mainly by downsizing psychiatric nursing homes.  
In the late 1980s, the mental health services in Norway became de-centralised by the 
establishment of District Psychiatric Centres. The objective was that these services should 
provide short-term inpatient care, day-centres and outpatient services for the inhabitants in 
the local community [71]. Psychiatric hospitals and psychiatric wards in general hospitals 
should now focus on short-term treatment of selected patients not treated by the psychiatric 
centres in the community. By 1998, district psychiatric services accounted for 20% of all 
discharges [71]. In addition, the capacity in adult outpatient services increased substantially 
throughout the 1990s, from 83 consultations per 1,000 inhabitants in 1990 to 154 per 1,000 
inhabitants in 2000 [88]. 
In a ministerial report dated 1996-97, Norwegian health authorities expressed concern related 
to the mental health reform [89]. Although the aptness of closing psychiatric state hospitals 
was emphasised, it was also underlined that too few alternative services had been established 
in substitution of hospital facilities. The report concluded by stating that the present 
Norwegian mental health care system had deficiencies at several levels: 1) Prevention efforts 
were not extensive; 2) community services and availability of psychiatric specialists were not 
adequate; 3) mean length of stay in psychiatric institutions were too short; and 4) discharges 
were often inadequately planned and the follow-up was insufficient. 
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A plan for improvement in mental health prevention efforts and services was ratified by the 
Norwegian parliament in 1999, with targets to be fully reached by the end of 2008 [90]. The 
expenditures in specialist mental health services had a real growth of 175% from 1998-2007 
[91]. During 2000-2008, the number of outpatient consultations doubled (from 154 to 308 
per 1000 inhabitants) [88]. However, the number of beds in adult psychiatric institutions 
continued to decrease, from 1.7 beds per 1000 inhabitants in 2000 to 1.2 beds per 1,000 
inhabitants in 2008 [88]. In Figure 6-8, changes in Norwegian mental health services during 
the period 1990-2008 are shown. In Figure 9, suicide mortality from 1988 to 2008 is shown 
with markers for the implementation of the national plan for suicide prevention [92] and the 
national plan for improvements in mental health services [89].
Fig 6: Number of bed-days and outpatient consultations per 1000 inhabitants (1990-2008) 
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Fig. 7: Number of beds and discharges per 1000 inhabitants (1990-2008) 
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Fig. 8: Number of all personnel per 1000 inhabitants (1990-2007) 
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Fig 9.  Suicide mortality per 100 000 inhabitants 
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1.7 Interventions following attempted suicide 
Attempted suicide indicates consistent distress for the individual and involves considerable 
health care costs [93]. In addition, a previous attempt is associated with a substantial increase 
in risk for subsequent attempts and suicide. Thus, intervention efforts aimed at preventing 
subsequent suicidal behaviour among individuals who have attempted suicide are important. 
Various psycho-social and pharmacological treatments in preventing subsequent suicidal 
behaviour have been developed [93]. However, it is difficult to scientifically test the 
effectiveness of interventions among suicide attempters. This is due to the low rate of 
suicide. For example, given that the risk of committing suicide in this group is 2.8%, Gunnell 
and Frankel [94] estimated that a total sample size of almost 45,000 subjects would be 
needed to demonstrate a 15% reduction of suicide risk. Therefore, a repeated suicide attempt 
has been used as a reasonable proxy because it occurs more frequently and is strongly related 
to suicide. 
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Hawton and co-workers [93] conducted a systematic review of the efficacy of treatments in 
preventing repeated attempts. They searched for trials in the period 1966-1997 and identified 
20 studies that met the following inclusion criteria: i) Patients had deliberately harmed 
themselves shortly before entry into the trial; ii) the trials reported repetition of deliberate 
self-harm as an outcome measure and iii) the patients were randomised to either intervention 
or control (standard aftercare). Seventeen of the 20 studies addressed various psycho-social 
treatments whereas three of the studies addressed pharmacological treatments. The main 
conclusion drawn from this systematic review was that no firm recommendations about the 
most effective treatment in preventing repeated self-harm could be made. The evidence was 
insufficient, mainly due to shortcomings of the trials: too few subjects were included, 
meaning that statistical power was too low to detect clinically meaningful differences 
between the experimental group and the control group. 
Although few of the trials were statistical significant, Hawton and co-workers identified 
some promising results to build on in future studies. Four of the twenty trials addressed the 
effectiveness of problem solving therapy [95-98]. A reduced risk of recurrent self-harm was 
observed in all four studies (summary OR = 0.73; 95% CI = 0.45-1.18) [93]. Promising 
results were also identified in the two trials that addressed provision of a card allowing 
patients to make emergency contact with services (summary OR = 0.45; 95% CI = 0.19-
1.07). A single trial addressing dialectical behaviour therapy in women with borderline 
personality disorder showed a significantly reduced risk of repeating self-harming behaviour 
(OR = 0.24; 95% CI = 0.06-0.93) [93, 99]. A single trial that addressed drug treatment with 
Flupenthixol was also statistically significant (OR = 0.09; 95% CI = 0.02-0.50) [93]. 
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In addition to the trials identified by Hawton and co-workers, Hepp and co-workers [100] 
conducted a systematic search for trials published between January 1996 and February 2003. 
Twenty-five trials that met the following inclusion criteria were identified: Patients had 
attempted suicide, deliberately harmed or poisoned themselves shortly before entry into the 
trial; the patients were randomised to either intervention or control; the evaluated 
intervention was psychological or psycho-social; the outcome measure was recurrence of 
attempted suicide or suicide, deliberate self-harm or self-poisoning. Summary estimates were 
not computed due to marked methodological differences between trials with similar 
interventions. Five of the twenty-five identified trials showed a significantly reduced risk of 
subsequent self-harming behaviour among patients in the intervention group. 
Two of these five trials tested psychodynamic interventions. Guthrie and co-workers [101] 
addressed four sessions of psychodynamic interpersonal therapy delivered in the patient’s 
home. The proportion of repeated deliberate self-poisoning behaviour after six months was 
9% in the intervention group compared to 28% in the control group (P < 0.01) [101]. The 
trial of Bateman and Fonagy [102] addressed psychoanalytically oriented partial hospital 
treatment for patients with borderline personality disorder. They found a statistically 
significant reduction after twelve and eighteen month follow-ups in both habitual self-
harming behaviour as well as attempted suicide for men and women in the intervention group 
(P < 0.05).
The Dialectical Behaviour Therapy study of Linehan and co-workers, also identified in the 
systematic review study of Hawton and co-workers above, was the only one in the Cognitive 
Behaviour Therapy category which reached a statistically significant result [99]. A single 
trial in the Problem-Solving Therapy category showed a significant reduction in recurrent 
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suicide attempts after six months follow-up (among 20 patients, none repeated the attempt in 
the intervention group, whereas three repeated the attempt in the control group (Fisher’s 
exact test P < 0.05) [98]. This was a five session Problem-Solving Therapy Intervention 
within one month, carried out by a psychiatric nurse in the patient’s home.  However, within 
eight months the difference between the intervention group and the control group was no 
longer significant. Finally, a four month outreach program conducted by Welu [103], with an 
initial home visit to establish a relationship followed by weekly or biweekly contacts, showed 
a reduced risk of a repeated attempt [100]. The results showed that after four months, the 
proportion of recurrent deliberate self-harm was 4.8 % in the intervention group compared to 
15.8% in the control group (P < 0.05) [100]. 
None of the identified trials in the review by Hepp and co-workers showed a statistically 
significant reduced risk of dying by suicide for patients in the intervention group. 
In conclusion, the evidence-based knowledge of which treatments or strategies are most 
effective in preventing suicidal behaviour is still limited [93, 94, 104, 105]. This conclusion 
is also in line with a Norwegian health technology assessment (systematic review study), 
which evaluated suicide preventive efforts in specialist mental health services [106]. Hence, 
“there is considerable need for research into the effects of the different kinds of interventions 
offered suicidal patients” [106]. 
Recently, Hvid and Wang [107] published a quasi experimental study on the effectiveness of 
an outreach intervention aimed at individuals who had attempted suicide. They found that 
individuals in the intervention group, who were offered follow-up care by a rapid response 
outreach program, had a lower rate of repeated suicide attempts than the control group (RR =
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0.43; 95% CI = 0.23-0.80). According to Hvid and Wang, this intervention is likely to be 
acceptable for the patients and affordable for the community, and consequently available for 
more patients. Moreover, other studies have also indicated the positive effects of 
interventions that practice active outreach and contact maintenance on a regular basis after a 
person attempts suicide, e.g. the trials of Guthrie [101], Salkovskis [98] and Welu [103] 
mentioned above.  
1.8 The Bærum Model 
In a municipality neighbouring the Norwegian capital, a suicide intervention model, similar 
to the one studied by Hvid and Wang, has been in effect since 1983. In this model, a rapid 
response intervention is created through collaboration between the general hospital of Asker 
and Bærum, the municipal suicide prevention team, and community health and social 
services as well as mental health specialist services located in Bærum [108]. On presentation 
at the hospital or emergency unit, patients who have attempted suicide receive acute life-
saving treatment and medical monitoring. Thereafter, a hospital-based suicide prevention 
team, including social workers and a liaison psychiatrist, is notified. This team helps the 
patients through crisis intervention and evaluates the patients’ psycho-social functioning and 
risk for suicide. Appropriate measures are then taken with the patients’ cooperation. These 
measures can include referrals to psychiatric inpatient and various outpatient services, 
including mental health treatment, substance abuse treatment, family counselling and various 
social services. 
All patients who are not immediately admitted to psychiatric inpatient wards, after receiving 
emergency treatment are evaluated for referrals to the community suicide prevention team, in 
addition to ‘treatment as usual’. The community team and the hospital team collaborate to 
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ensure a joint evaluation of the situation, to make appropriate referrals, and to make all parts 
of the follow-up effective as soon as possible (this is known as the chain of care). The main 
patient groups eligible for referrals to the suicide prevention team are as follows: 
 Patients in need of outpatient mental health and social services not otherwise 
established by the hospital team. 
 Patients in ongoing outpatient treatment who are in need of extra support 
 Patients and family or significant others who are in relational conflicts and in need of 
extra support. 
 Patients who have previously dropped out of mental health treatment and need 
motivation to attend again.
The community suicide prevention team includes public health nurses and a psychologist. 
The psychologist is the supervisor of the public health nurses and leader of the team. The 
nurses organise the work in relation to patients, in consultation with the psychologist. A 
particular emphasis is placed on the suicidal person’s need for a supportive helper. On 
average, 50 – 60% of the attempters deemed eligible for the community team are referred to 
this follow-up yearly. 
If patients agree to be assisted by this team, a public health nurse contacts them shortly after 
discharge. These nurses act as “ombudsmen” [109]. The main aim is to ensure that the 
patients are given sufficient follow-up care by specialist mental health services or community 
health/social services within an acceptable period of time following hospital discharge. 
Further, the nurse motivates the patient to accept treatment and to better adhere to treatment 
appointments. If patients drop out of treatment, the nurse tries to get them back into treatment 
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or establishes a more suitable therapeutic plan in collaboration with the patient and the health 
services.
In addition, the nurse fulfils the role of supporting the patient in between general hospital 
discharge and established aftercare. The nurse gives the patient “psychological first aid”, 
problem-solving counselling, and cooperates with the patient’s social network. Although the 
main aim is reached when a treatment program is established, the patient is followed-up by 
the nurse for approximately one year in order to secure continuity, treatment compliance and 
social support.
The intervention offered by this team is not regarded as stand-alone treatment, but rather as a 
service offered in addition to established health and social services; it is not a substitute of 
any other mental health service. If the standard follow-up treatment is deemed to be 
sufficient by the hospital team, the community team is not called upon. Patients are in any 
case, free to reject assistance from the community team.
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2. Aims 
2.1 Main Aim: 
To evaluate the impact mental health services may have on suicidal behaviour, and thereby 
gain new knowledge relevant for preventing suicidal behaviour. 
2.2 Specific aims: 
 Paper I: To investigate whether individuals admitted to inpatient psychiatric care 
after a suicide attempt had shorter length of stays in the period 1996-2006 than in the 
former period 1984-1995; and to study if length of stays and period of treatment were 
associated with increased risk of subsequent suicide attempts and/or suicide 
 Paper II: To examine whether variation in mental health service resources were 
associated with suicide mortality in five Norwegian health regions in the period 1990-
2006.
 Paper III: To explore whether a chain of care intervention aimed at individuals who 
have attempted suicide was effective in preventing subsequent suicide attempts and 
suicide. 
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3. Materials and methods 
3.1 Data sources 
Paper I & III 
The foundation data for Paper I and III comprised of unselected individuals who were 
residents of the municipality of Bærum and admitted to the general hospital after a suicide 
attempt. These data have been consecutively collected since 1984 and are based on records 
from the local general hospital and the Municipal Health Services Office in Bærum [110]. 
All cases are classified in cooperation by the chief social worker, the liaison psychiatrist and 
the community psychologist. Further, a quality control auditing was performed by rechecking 
all entered data. The definitional criteria for ‘attempted suicide’ were similar to those of 
‘parasuicide’ used in the WHO/EURO Multicentre Study on Suicidal Behaviour: “An act 
with nonfatal outcome, in which an individual deliberately initiates a non-habitual behaviour 
that, without intervention from others, will cause self-harm, or deliberately ingests a 
substance in excess of the prescribed or generally recognised therapeutic dosage, and which 
is aimed at realising changes which the subject desired via the actual or expected physical 
consequences” [15]. 
In Paper I, eligible cases were all individuals admitted to inpatient care at the local 
psychiatric hospital after emergency treatment at the general hospital between 1 January 
1984 and 31 December 2006. Data regarding psychiatric hospital stays were collected by 
linking the personal identifier of patients who had made a suicide attempt, to the medical 
record base of the local psychiatric hospital. Personal identifier refers to an 11-digit code 
which comprises a person’s date of birth and a unique national identification number. A total 
of 1,574 individuals were registered for a suicide attempt in this time period. Of these, 330 
made a suicide attempt that was followed by psychiatric inpatient care. 
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In Paper III, cases were individuals admitted to the general hospital after a suicide attempt 
between 1 January 1984 and 31 December 2007. A total of 1,616 individuals were registered 
for a suicide attempt in this period. Of these, 1,311 were eligible for an evaluation to be 
referred to the suicide prevention team. 
In both Paper I and III, data on mortality of all causes were collected by linking the personal 
identifier of individuals who had made a suicide attempt to the computerised Causes-of-
Death registry at Statistics Norway. The last date of mortality information in both Papers I 
and III was 31 December 2003.  
Paper II 
In Paper II, aggregated data on suicide mortality, specialist mental health services, 
unemployment and educational level for all Norwegians were provided by Statistics Norway. 
Aggregated data on sales figures of pure alcohol in litres were provided by the Norwegian 
Institute for Alcohol and Drug Research. Sales figures of antidepressants were provided by 
the Wholesales Register in Norway. All data used in this study are openly available and can 
be downloaded at Statistics Norway [20] and Norwegian Institute for Alcohol and Drug 
Research [111], except data on sales of antidepressants, which can be provided by the 
pharmaceutical Wholesales Register in Norway by request [112]. 
3.2 Statistics and design 
Paper I & III 
In both Paper I and III, the outcome variables were a repeated suicide attempt and suicide. In 
Paper I, a repeated suicide attempt was defined as a new attempt within 12 months from the 
date of psychiatric hospital discharge. In Paper III, a repeated suicide attempt was defined as 
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a new attempt within six months, twelve months and five years from the date of the first 
recorded suicide attempt. In both Paper I and III, suicide was classified according to the 
International Classification of Diseases Eight Revision (ICD-8) prior to 1986, according to 
the ICD-9 from 1986-1995 and according to the ICD-10 from 1996 onwards. 
In Paper I, the explanatory variables of interest were length of psychiatric hospital stays and 
period of treatment. Length of hospital stays were continuous, measured in days from the 
date of admittance to the date of discharge. The period of treatment variable was 
dichotomous, individuals hospitalised in the period 1984-1995 were coded as the reference 
category. Log Rank tests were used to determine if length of hospital stays was shorter in the 
period 1996-2006 than in the former period 1984-1995. The rationale of the cut-off was 
based on the time in which the reduction in hospital beds levelled off (the mid 90’s). Kaplan-
Meier survival curves were used to show the length of stays in the two periods. Logistic 
regression analyses were computed to estimate the risk of a repeated suicide attempt within 
the 12 months following psychiatric hospital discharge. We adjusted for ‘sex’, ‘age’, 
‘diagnosis’, ‘marital status’ and ‘employment status’. Data were also analysed separately for 
men and women. Survival curves were used to show the time in days from psychiatric 
hospital discharge to death by suicide in the periods 1984-1995 and 1996-2006. 
In Paper III, the explanatory variable of interest was ‘suicide prevention team assistance’. 
This variable was dichotomously coded with ‘no suicide prevention team assistance’ as 
reference category. Logistic regression analyses were computed to estimate the risk of a 
repeated suicide attempt within six and 12 months following the first recorded suicide 
attempt. Cox regression analyses were computed to estimate the risk of a repeated suicide 
attempt within five years of follow-up and to estimate the risk for suicide. We adjusted for 
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‘sex’, ‘age’, ‘previous attempt’, ‘aftercare referral’, ‘marital status’ and employment status’ in 
the regression analyses. Data were also analysed separately for men and women. 
In the Cox regression analyses, the individuals were followed for different lengths of time. 
When the outcome was a repeated suicide attempt, the period of risk was estimated in months 
from the date of the first recorded suicide attempt to the occurrence of a new attempt, or to 
the end of the five year follow-up period or to the end of the study (31 December 2008), 
whichever happened first. When the outcome was suicide, the period of risk was estimated in 
months from the date of the first recorded suicide attempt to death by all causes or to the end 
of study (31 December 2003), whichever happened first. 
In both Paper I and III, SPSS software was used in all analyses. Both papers were designed 
as prospective cohort studies. 
Paper II 
In Paper II, the outcome variable was female and male suicide mortality in Norway, 
measured in yearly figures according to ICD-codes. The explanatory variables of interest 
were ‘number of man-labour years by all personnel per 1,000 inhabitants’, ‘number of 
discharges per 1,000 inhabitants’, ‘number of outpatient consultations per 1,000 inhabitants’, 
‘number of inpatient-days per 1,000 inhabitants’ and ‘number of hospital beds per 1,000 
inhabitants’. Regional figures were available from 1998 onwards. For the period before 1998, 
figures for the whole country were used. 
The number of inpatient-days is calculated by subtracting the patient’s date of discharge from 
the date of hospital admittance, that is, the number of days a patient remains in hospital [113]. 
The number of beds is a calculation of accessible beds in the institutions as of 31 December 
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each year [113]. In contrast to bed-days, the number of beds is a measure of the institutions’ 
treatment capacity [113]. The number of discharges is administrative episodes, that is, the 
same patient can be discharged more than once in a year [113]. Outpatient consultations 
“include consultations carried out in outpatient clinics or in psychiatric institutions, giving 
reimbursement from the state” [113]. The total number of man-labour years is estimated as: 
“the number of full-time jobs and part-time jobs calculated as full-time equivalents adjusted 
for doctor-certified sickness absence and maternity leave” [113]. 
Adjustments were made for health region, sales of alcohol, sales of antidepressants, 
unemployment, and education. In addition, we checked for linear trends. National sales of 
alcohol were measured in pure litre per inhabitant over the age of 15. The figure of alcohol 
sales for the year 1998 was missing. The figure for this year was imputed as the average of 
the figures in 1997 and 1999. Total national sales of antidepressants (the ATC group N06A) 
were standardised in defined daily doses (DDD)/1000 inhabitants/day. Education was 
measured in yearly regional figures of the proportion of inhabitants per 100 with lower and 
higher college or university education. Unemployment was measured in yearly regional 
figures of the proportion of inhabitants per 100 unemployed. 
Crude rate estimates and Poisson regression were used to measure the impact of changes in 
mental health services’ resources on suicide mortality during the period 1990-2006. Poisson 
regression has been shown to be a viable and attractive method for quantifying the time 
trends of rare discrete outcomes like suicide [114]. 
Separate analyses were computed for females and males. We tested each Poisson model for 
over-dispersion by comparing the deviance with its degrees of freedom. The deviance is a 
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measure of the discrepancy between observed and fitted values [114]. By comparing the 
deviance with its degrees of freedom, a goodness of fit measure is provided [114]. If the 
goodness of fit test is significant, the model is inappropriate [114]. All of the computed 
models showed good model fit (P > 0.19). 
We substituted missing regional data with average national data. To examine if this procedure 
had unwanted bearings on the results, we fitted national models with complete data and 
compared the results with the regional models. In addition, to rule out the possibility of a 
collinearity problem, we also computed an adjusted model in which each mental health 
service variable was analysed separately. 
We used Stata software to compute Poisson regression analyses. The study had an ecological 
design.
3.3 Validity 
Paper I & III 
A major advantage with the study design of Paper I and III is that exposure information was 
obtained before the outcome had occurred. In contrast to cross-sectional designed studies, 
causal inference is possible because one can be certain that the outcome occurred after the 
exposure in time. And unlike case-control designed studies, recall bias is not a problem. 
A limitation in Paper I was the low level of statistical power. There were 50 cases of repeat 
attempts. Hence, the probability of making a type II error (failure to reject a false null 
hypothesis) is relatively high. 
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A problem in both Paper I and III, was that in order to be recorded, the repeated attempt had 
to lead to treatment in an emergency unit or hospital admittance in Asker & Bærum. 
However, in Paper III, we used a narrow time interval of six months in order to control for 
this deficiency. It is doubtful that a substantial proportion of individuals moved to another part 
of the country within six months after the index attempt. Further, the results were similar for a 
repeated attempt within both six and 12 months. Hence, it is unlikely that this limitation have 
biased these two studies. 
In Paper III, selection bias is a problem. Both self-selection by patients and selection by health 
care personnel may have biased the study. Patients were free to choose whether or not to 
accept the assistance offered by the community suicide prevention team. Furthermore, health 
care personnel could choose not to offer team assistance when circumstances were considered 
inappropriate or of no particular concern. This kind of bias can only be avoided by 
randomisation. Since patients were not randomised, we know a priori that firm conclusions 
cannot be drawn. 
Paper II 
In epidemiology, ecological-level data are often considered as less valid than individual-level 
data. According to Schwartz [115], ecological studies are conceived as “crude attempts to 
ascertain individual level correlations”, that is, as substitutes when individual level-data are 
unavailable. Further, the flaws in ecological models “limit their usefulness to hypothesis 
generations”. The flaws in ecological models are generally attributed to a problem known as 
the ‘ecological fallacy’. Ecological fallacy refers to the logical fallacy in cross-level inference, 
that is, to infer from the group level to the individual level, or from the individual level to the 
group level. It has been confirmed in several studies “that the correlation coefficient between 
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two individual-level variables is generally not the same as that between those same variables 
for aggregates into which the individuals are grouped” [115]. 
However, this is neither a statistical problem, nor a problem of measuring associations, but 
rather it is a problem of construct validity. That is, the assumption that because a group has a 
specified characteristic, the members of that group will have the same characteristic. An 
illuminating example is given in the paper by Schwartz [115]: 
“A hung jury is a jury that is indecisive, it cannot decide whether the accused is 
guilty or innocent. However, to deduce that members of such a jury are 
indecisive would be absurd. Members of a hung jury are very decisive, so much 
that they cannot be persuaded to change their mind.” 
Since ecological fallacy is a problem of cross-level inference, it is not a problem inherent in 
ecological studies. For instance, the problem of ecological fallacy commonly occurs in 
individual-level studies when proxy measures are used. For instance, assume that one wants to 
adjust for diet in a study of the association between a given exposure and disease. Data on 
dietary habits turns out to be unavailable; therefore data on education is used as a proxy 
measure of diet. The logic is that groups with different educational levels will exhibit different 
dietary habits. However, doing so will involve an ecological fallacy, because it is assumed 
that the individual exhibits similar dietary habits as the group the individual is a part of (this 
example is adapted from Schwarts, 1994) [115]. The result will most likely be measurement 
errors and a poor estimation of dietary habits. 
In Paper II, ecological fallacy is not a problem. If our research aim had been to determine 
whether successful psychiatric treatment lowered the risk of dying by suicide, then we would 
have had a problem of ecological fallacy. However, the question of interest was if increased 
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resources in mental health services and a greater number of individuals being treated would 
have an annual dose-response impact on the national suicide rate. This question cannot be 
answered by individual-level data. Hence, our ecological model is not a substitute for a more 
appropriate individual-level model. 
Complex phenomena are explained by mechanisms at a finer tuned level, e.g. depression can 
be explained by a decrease in serotoninergic neurotransmission. Hence, the reason for 
investigating a possible association between increased resources in mental health services and 
suicide mortality is the probability that successful treatment of individuals with psychiatric 
disorders will reduce the risk of dying by suicide. However, even if this mechanism is 
empirically true at the individual level, we cannot simply suppose the same relation at the 
societal level, as shown above. 
A substantial advantage with an ecological study is that selection bias is not an issue. In 
addition, the changes in the exposure variables of interest are substantial over the period 
1990-2006. This gives the design a natural experimental character, that is, competing 
explanatory variables can be assumed to be constant. Hence, the internal validity is high 
because of reduced problems with confounding. 
3.4 Ethical approval 
In Paper I and III, the data set used contained highly sensitive information. Thus, data security 
and confidentiality was important. The Norwegian Institute of Public Health has strict rules 
on how to handle such data and these have been followed. Further, the study was approved by 
Regional Committee for Medical Research Ethics and licensed by the Data Inspectorate. We 
also obtained an exemption from the duty of confidentiality by the Directorate of Health 
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Affairs. Finally, a Data Handling Treaty between the Hospital of Asker & Bærum and the 
Norwegian Institute of Public Health was obtained. 
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4. Results 
4.1 Paper I. Changes in institutional psychiatric care and suicidal 
behaviour: a follow-up study of inpatient suicide attempters in Bærum, 
Norway 
The purpose of this paper was to examine if suicide attempters admitted to inpatient care had 
shorter length of stays in the period 1996-2006 than patients admitted in the former period 
1984-1995; and to examine if ‘length of hospital stays’ and ‘period of treatment’ were 
associated with increased risk of subsequent attempts and/or suicide. 
Individuals admitted in the period 1984-1995 had significantly longer hospital stays than 
individuals admitted in the period 1996-2006 (Log Rank: P < 0.001, patient/days analysed 
from 0 to 365 days). The length of hospital stays was also significantly different in the two 
periods, both when patient/days were censored at 100 days (P < 0.001) and when patient/days 
were analysed from 100 to 365 days (P < 0.02). This means that length of stay was reduced 
for both short and longer-stay patients in the second period. The median stay in the first 
period was 31 days (95% CI = 21-41), whereas the median stay in the second period was 19 
days (95% CI = 15-24). 
Among individuals admitted in the period 1984-1995, 18% made a subsequent attempt 
within 12 months from discharge, whereas 13% made a subsequent attempt in the period 
1995-2006. Both length of hospital stays (adjusted OR = 0.99; 95% CI = 0.98-1.00) and the 
period in which the individuals received treatment (adjusted OR = 0.72; 95% CI = 0.28-1.83) 
were unrelated to the risk of a subsequent suicide attempt within 12 months from discharge. 
The results were similar in the crude analysis and when adjustments for sex, age, diagnosis, 
marital status and employment status were made. 
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Considering type II error, it could be hypothesised that increasing the length of hospital 
treatment may, to a certain extent, have a protective effect on suicide attempt repetition, at 
least for women. When women were analysed separately, data indicated that a 10 day 
increase in the length of hospital stays reduced the adjusted odds ratio of repeating a suicide 
attempt by 10%. However, the argument also holds for the variable ‘time period of 
treatment’. The data indicated that individuals who received treatment in the period 1996-
2006 compared with the period 1984-1995 had a 28% decrease in the adjusted odds ratio of 
making a repeat attempt. Consequently, although the length of hospital stay has decreased 
significantly during the study period, and the fact that long hospital stays may have a 
protective impact on the risk of repeating a suicide attempt, data indicated that suicide 
attempters who received treatment in the period 1996-2006 were not at increased risk of 
suicide attempt repetition. 
We had too few cases of suicide in order to determine associations between length of hospital 
stays and suicide, and period of treatment and suicide, respectively. However, survival curves 
showed that the time in days from discharge to suicide was extensive in both periods, which 
may indicate that it is unreasonable to infer that deficits in hospital treatment caused the 
suicides. 
4.2 Paper II. Changes in mental health services and suicide mortality in 
Norway: an ecological study. 
The purpose of this paper was to investigate whether increased recourses in mental health 
services were associated with reduced female and male suicide mortality in five Norwegian 
health regions during the period 1990-2006. 
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From 1990-2006, the total suicide rate in Norway declined by 26%. Most of the decline was 
observed from 1990-1994 (RR = 0.94; 95% CI = 0.91-0.97), thereafter the rate levelled off 
(RR = 0.99; 95% CI = 0.98-1.00). In contrast, the major changes in the health service 
variables were observed in the end of the period 2000-2006. 
All of the variables that measured resources in specialist mental health services (number of 
man-labour years by all personnel, number of discharges, number of outpatient consultations, 
number of inpatient-days, number of hospital beds) were unrelated to female and male suicide 
mortality after adjusting for competing explanatory factors (adjusted P > 0.05). This result 
was true for all of the models that we computed. 
Among women, the variables that best explained the variation in suicide mortality were health 
region, sales of alcohol (adjusted P = 0.01) and sales of antidepressants (adjusted P = 0.03). A 
one-unit (one litre pure alcohol per inhabitant per year) increase in sales of alcohol predicted a 
41% increase in suicide mortality (adjusted RR = 1.41; 95% CI = 1.18-1.72), and a one unit 
(one defined daily doses/1000 inhabitants/day) increase in sales of antidepressants predicted a 
2% decline in suicide mortality (adjusted RR = 0.98; 95 % CI = 0.97-1.00). 
Among men, the variables that best explained the variation in suicide mortality were health 
region, education (adjusted P = 0.01) and unemployment (adjusted P = 0.01). A one unit (1%) 
increase in the proportion of men with college or university education predicted a 14% 
decline in suicide mortality (adjusted RR = 0.86; 95% CI = 0.79-0.94), and a one unit (1%) 
decline in the proportion unemployed men predicted a 9% decline in suicide mortality 
(adjusted RR = 0.91; 95% CI = 0.85-0.97). 
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4.3 Paper III. Chain of care for patients who have attempted suicide: a 
follow-up study from Bærum, Norway. 
The purpose of this paper was to explore whether the chain of care intervention aimed at 
patients who have attempted suicide was effective in preventing subsequent suicide attempts 
and suicide. 
Among the patients who received the intervention in addition to ‘treatment as usual’, 9% 
repeated the attempt within six months, and 12% repeated the attempt within 12 months of 
follow-up; among the patients, who only received ‘treatment as usual’, 7% repeated the 
attempt within six months, and 11% repeated the attempt within 12 months of follow-up. 
The regression analysis showed no significant differences in the risk of a repeated suicide 
attempt between patients who received this intervention and patients who did not; not within 
six months (adjusted OR = 1.08; 95% CI = 0.66-1.74), 12 months (adjusted OR = 0.86; 95% 
CI = 0.57-1.30) or five years of follow-up (adjusted RR = 0.90; 95 % CI = 0.67-1.22). Nor 
did we observe significant differences in the risk of committing suicide (adjusted RR = 0.85; 
95% CI = 0.46-1.57). The results were similar in the crude analysis and when adjustments for 
sex, age, previous attempts, aftercare referrals, alcohol misuse, marital status and 
employment status were made. 
Intervention was not assigned to patients for whom the standard aftercare was already 
deemed sufficient. Thus, those requiring more help at time of the suicide attempt were, after 
the intervention, rendered indistinguishable in terms of outcomes, from those not initially 
requiring the additional help.
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5. Discussion
The present study has evaluated the impact of mental health services on suicidal behaviour. 
In Paper I, we found that the move towards shorter length of stays among inpatient suicide 
attempters did not increase the risk of subsequent suicidal behaviour. In Paper II, we found 
that substantial changes towards increased resources in Norwegian mental health services 
were unrelated to female and male suicide mortality over the period 1990-2006. Finally, in 
Paper III, we found that the chain of care model for patients who have attempted suicide may 
be effective in preventing subsequent suicidal behaviour. 
5.1 Comparison with other studies 
Paper I 
We searched Medline up until October 2010. We used the search term ‘suicide’ and 
‘attempted suicide’ in combination with ‘length of stays’. The search resulted in 262 hits. 
None of these studies used a prospective design to study the effect of length of stays among 
inpatient suicide attempters on the risk of subsequent suicidal behaviour. However, length of 
stays and risk of suicide has been studied among patients in the general psychiatric population 
with varying results [47, 116, 117]. Qin and Nordentoft [118] used longitudinal Danish 
registers and reported that patients who had shorter than median length of stays had an 
increased risk of committing suicide. The authors suggested that premature discharge and 
incomplete recovery might explain the observed additional suicide risk in the immediate post-
discharge period. On the other hand, in a retrospective population based cohort study, Ho 
[116] found no support for the premature discharge hypothesis: individuals hospitalised for 
less than 15 days had significantly lower suicide risk than longer-stay patients.  However, 
long-stay patients can also be prematurely discharged. In Paper I, in addition to the effect of 
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length of stays, we studied the possible period effect of a trend towards shorter stays for both 
short and long-stay patients. 
In the studies that related the increased risk of suicide among patients with psychiatric 
disorders to the reform labelled ‘deinstitutionalisation’, no statistical tests were computed [73-
79]. Thus, based on these studies, there is actually no convincing evidence that the observed 
increase in suicides was due to this psychiatric reform. 
Based on Finish nationwide registers, Pirkola and co-workers [117] reported results in line 
with findings in our study. They studied suicide risk among psychiatric hospitalised patients 
immediately after discharge and one year after in the time periods 1985-1991 and 1995-2001. 
Because of the move towards shorter hospital stays, and thereby increased risk of premature 
discharges, they expected to find a greater suicide risk in the latter period. However, they 
found a cohort effect of greater suicide risk immediately (Risk ratio = 1.50; 95% CI = 1.38-
1.62) and one year after discharge (RR = 1.25; 95% CI = 1.19-1.30) in the former period. 
They concluded by stating that restructuring and downsizing of traditional mental health 
services were associated with decreased risk of post-discharge suicides. Further, in another 
Finish study that addressed the downsizing of hospitals in favour of community mental health 
services, it was documented that well-developed community mental health services were 
associated with lower suicide risk than services oriented towards inpatient treatment provision 
[119].
Paper II 
In line with the results in Paper I and results reported by Pirkola and co-workers [117], fewer 
hospital beds and shortened length of stays were not associated with increased suicide 
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mortality. Our main finding in Paper II was that substantial changes towards increased 
resources in Norwegian mental health services were unrelated to female and male suicide 
mortality over the period 1990-2006. This finding is in line with a recently published cross-
national ecological study [85]. This study showed no relation between suicide rates and 
mental health funding, service provision and national policies on mental health. Further, in an 
ecological study from the United Kingdom, Lewis and co-workers [83] examined the 
association between suicide standardized mortality ratios and the provision of mental health 
services. The results showed that a higher quantity of provision was not negatively associated 
with suicide standardized mortality ratios. In addition, our findings are in line with a 
prospective multi-level study from the United States [120]. The researcher found no 
association between the variation in patterns of service delivery at the system level and the 
risk of suicide. However, there are ecological studies that have reported associations between 
various measurements of mental health service provisions and suicide rates [80, 81, 119], e.g. 
Kapusta and co-workers found that both sales of antidepressants and density of 
psychotherapists were negatively associated with suicide rates. Hence, studies that have 
addressed suicide risk in relation to mental health services show contradictory results. It is 
therefore difficult to draw any firm conclusions. 
Paper III 
In line with the results in Paper III, other studies have indicated the effects of interventions 
that practice active outreach and contact maintenance on a regular basis after a person 
attempts suicide [98, 101, 103, 107]. In a quasi experimental study, Hvid and Wang [107] 
tested an outreach intervention similar to the chain of care model in Bærum. They found that 
individuals in the intervention group, who were offered follow-up care by a rapid response 
outreach program, had a lower rate of repeated suicide attempts than the control group (RR =
50
0.43; 95% CI = 0.23-0.80). However, it is not yet documented in a randomised controlled trial 
if this kind of intervention is effective in preventing suicide [106].
5.2 Conclusions 
We found that quite extensive changes in mental health services were unrelated to suicidal 
behaviour.  Contrary to what was expected, the process of downsizing psychiatric hospitals 
and consequently shortened length of stays did not lead to an increased risk of subsequent 
suicidal behaviour among inpatient suicide attempters. Considering that shortened length of 
stays may increase the likelihood of premature discharges and incomplete recovery, we 
concluded that it was possible that shortened length of stays were compensated by increased 
resources in mental health services in general and development of outpatient services in 
particular.
Inspired by the results above, we anticipated that quantitative improvements in Norwegian 
mental health services might have had a preventive impact on suicide mortality at the societal 
level. In line with results from the first study, fewer beds and shortened length of stays were 
unrelated to suicide mortality. However, the total increase in mental health service resources 
and an increased number of individuals receiving treatment were not significantly associated 
with decreased suicide mortality either.  
Hence, our results indicate that the process of decentralisation and downsizing of psychiatric 
hospitals has not had any negative consequences for suicidal behaviour. On the other hand, 
we cannot conclude that the substantial increase in mental health service resources had a 
preventive impact on suicide mortality. 
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The study addressing the chain of care intervention for patients who had attempted suicide 
revealed promising results. Those requiring more help at time of the suicide attempt were 
indistinguishable, in terms of outcomes, after the intervention, from those not initially 
requiring the intervention. However, we cannot determine this effectiveness with certainty. 
The present study allows for selection bias. 
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Abstract
Background 
Mental disorders are strongly associated with excess suicide risk, and successful 
treatment might prevent suicide. Since 1990, and particularly after 1998, there has 
been a substantial increase in mental health service resources in Norway. This study 
aimed to investigate if these changes have had an impact on suicide mortality. 
Methods
We used Poisson regression analyses to assess the effect of changes in five mental 
health services variables on suicide mortality in five Norwegian health regions during 
the period 1990-2006. These variables included: number of man-labour years by all 
personnel, number of discharges, number of outpatient consultations, number of 
inpatient days, and number of hospital beds. Adjustments were made for sales of 
alcohol, sales of antidepressants, education and unemployment. 
Results
In the period 1990-2006, we observed a total of 9480 suicides and the total suicide 
rate declined by 26%. None of the mental health services variables were significantly 
associated with female or male suicide mortality in the adjusted analyses (P > 0.05). 
Sales of antidepressants (adjusted Incidence Rate Ratio = 0.98; 95 % CI = 0.97-1.00) 
and sales of alcohol (adjusted IRR = 1.41; 95% CI = 1.18-1.72) were significantly 
associated with female suicide mortality; whereas education (adjusted IRR = 0.86; 
95% CI = 0.79-0.94) and unemployment (adjusted IRR = 0.91; 95% CI = 0.85-0.97) 
were significantly associated with male suicide mortality. 
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Conclusions
The adjusted analyses in the present study indicated that increased resources in 
Norwegian mental health services in the period 1990-2006 were statistically unrelated 
to suicide mortality. 
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Background
Suicide is a complex behavioural phenomenon in which cultural, social and 
psychological aspects play important roles [1, 2]. Thus, suicide can not be reduced to 
a disease [3, 4]. Still, it is well documented that several mental disorders increase the 
likelihood of suicide [5, 6], e.g. statistics from Norway show that about 15% of all 
who commit suicide were at the time of death in specialist mental health treatment for 
a psychiatric disorder [7]. Treatment of mental disorders has therefore become a key 
element in suicide prevention efforts, as reflected in both international guidelines 
from the World Health Organization [8] and several national suicide prevention 
programs, including the Norwegian national plan (1994) [9]. 
In the Norwegian democratic welfare state, public authorities are responsible for 
providing and financing health services [10]. The municipalities have responsibility 
for the provision of primary health services and the central government has the 
responsibility for the provision of specialised health services. All Norwegian citizens 
have, by law, the right to necessary and adequate health treatment and care [10]. 
As in most industrialised countries, mental health services in Norway have been 
deinstitutionalised and decentralised in recent decades [11, 12]. This process entailed 
a shift in primary focus from inpatient to outpatient care, grounded in the assumption 
that decentralised and community-based mental health services would be more 
caring, integrative, and therapeutically successful than the traditional state hospital 
care [13]. Likewise, in the field of clinical suicidology, the paradigm of the hospital 
as a necessary part of safeguarding suicidal individuals has been increasingly 
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questioned [14]. Researchers from Finland reported a reduced suicide risk among 
psychiatric patients after the period of mental health deinstitutionalization [15]. It has 
also been reported from Finland that municipalities with primarily outpatient and 
community-based mental health care were associated with lower suicide rates than 
municipalities with services primarily oriented towards inpatient treatment provision 
[16].
Not only were the mental health services in Norway deinstitutionalised, but also the 
resources for mental health services were considerably strengthened in quantitative 
terms in the period 1990-2006. Additionally, in 1998 the Norwegian Parliament 
adopted a national program calling for major investments in mental health services, to 
be implemented starting in 1999, with targets to be fully reached by the end of 2008 
[17]. The expenditures in specialist mental health services had a real growth of 175% 
from 1998-2007 [18]. In general, the investments in adult psychiatric care were 
allocated to increase the number of health personnel with college and university 
education. Further, to build more decentralised psychiatric centres and to increase the 
quantity and quality of inpatient and outpatient care in these centres [18]. Evaluation 
studies have documented that the National program has had a positive impact on 
patients’ access to mental health services [12, 18, 19]. 
Recently, in two ecological studies from the United States and Austria, it was 
reported that the accessibility of mental health services [20] and the density of 
psychotherapists [21] were negatively associated with suicide rates. These findings 
need to be replicated. In Norway, no studies have addressed whether increased 
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investments in mental health services over the last two decades have impacted the 
suicide rate. 
The aim of this study was to determine if increased mental health service resources 
had an impact on suicide mortality in five Norwegian health regions in the period 
1990-2006.
Methods
All data used in the present study are openly available and can be downloaded at 
Statistics Norway and Norwegian Institute for Alcohol and Drug Research, except 
data on sales of antidepressants which can be provided by the Wholesales register in 
Norway by request. 
In the period 1990-2006, specialist health services in Norway were organised in five 
health regions. Data on suicide rates in the health regions was provided by the 
Causes-of-Death Registry at Statistics Norway [22]. This registry has an almost 
complete registration of causes of death. In the period 1986-1995, causes of deaths 
were classified according to the International Classification of Diseases Ninth 
Revision (ICD-9) and from 1996 onwards according to the ICD-10. 
To measure changes in mental health services, we used available health service 
variables provided by Statistics Norway [23]: these were the number of beds per 1000 
inhabitants (beds); the number of inpatient-days per 1000 inhabitants (bed-days); the 
number of discharges per 1000 inhabitants (discharges); the number of outpatient 
consultations per 1000 inhabitants (outpatient consultations); and the number of man-
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labour years by all personnel in mental health services per 1000 inhabitants. Regional 
figures were available from 1998 onwards. For the period before 1998, annual 
national figures were used. 
The number of inpatient-days is calculated by subtracting the patient’s date of 
discharge from the date of hospital admittance, that is, the number of days a patient 
remains in hospital [24]. The number of beds is a calculation of accessible beds in the 
institutions as of 31 December each year [24]. In contrast to bed-days, the number of 
beds is a measure of the institutions’ treatment capacity [24]. The number of 
discharges is administrative episodes, that is, the same patient can be discharged more 
than once in a year [24]. Outpatient consultations “include consultations carried out in 
outpatient clinics or in psychiatric institutions, giving reimbursement from the state” 
[24]. The total number of man-labour years is estimated as: “the number of full-time 
jobs and part-time jobs calculated as full-time equivalents adjusted for doctor-
certified sickness absence and maternity leave” [24]. 
To adjust for competing explanatory variables, we used regional data on education 
and unemployment; and national data on sales of alcohol and sales of antidepressants, 
all of which have been reported to be associated with suicide mortality [25-28]. In 
addition, we analysed for linear trends in the period 1990-2006. 
Sales of pure alcohol in litres per inhabitant above the age of 15 for the whole country 
were provided by the Norwegian Institute for Alcohol and Drug Research [29]. The 
figure of alcohol sales for the year 1998 was missing. The figure for this year was 
imputed as the average of the figures in 1997 and 1999. 
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Sales of antidepressants were provided by the Wholesales register in Norway. These 
data represent total sales to pharmacies and institutions. In Norway, drugs are 
grouped according to the Anatomical Therapeutic Chemical (ATC) classification 
[30]. The total national sales of ATC group N06A (antidepressants) was recorded, 
and the sales numbers were standardised as defined daily doses (DDD)/1000 
inhabitants/day for the period 1990-2006. Sales figures of antidepressants are a proxy 
measure, we do not know if these drugs are consumed by patients. 
Annual regional figures of the proportion of men and women per 100 with college or 
university education [31], and annual regional figures of the proportion of men and 
women per 100 unemployed [32] were provided by Statistics Norway. 
A power computation showed an 80% probability of detecting a reduction in the total 
suicide rate of 8% or more at a 5% significance level. Data were analysed by 
computing crude rates and Poisson regression. Separate analyses were computed for 
males and females. We tested each Poisson model for over-dispersion by comparing 
the deviance with its degrees of freedom. The deviance is a measure of the 
discrepancy between observed and fitted values [33]. By comparing the deviance with 
its degrees of freedom, a goodness of fit measure is provided [33]. If the goodness of 
fit test is significant the model is inappropriate [33]. 
We substituted missing regional date with average national data. To examine if this 
procedure had unwanted bearings on the results, we fitted national models with 
complete data and compared the results with the regional models. In addition, to rule 
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out the possibility of a collinearity problem, we also computed an adjusted model in 
which each health services variable was analysed separately. 
Results  
From 1990 to 2006, the total suicide rate in Norway decreased by 26% (Table 1 and 
Figure 1). In the same period, the number of man-labour years by all personnel, the 
number of discharges, and the number of outpatient consultations increased by 16%, 
113% , and 221%, respectively, whereas the number of psychiatric hospital beds and 
inpatient-days declined by 42% and 43%, respectively (Table 1). Sales of 
antidepressants (defined daily doses (DDD)/1000 inhabitants/day) and alcohol (pure 
alcohol in liters per inhabitant above the age of 15) increased by 353% and 29%, 
respectively (Table 1). The proportion of unemployed individuals declined by 33% in 
this period; whereas the proportion of individuals with college or university education 
increased by 60% (Table 1). Regional figures are shown in Table 2. 
As Figure 1 shows, the suicide rate declined the most from 1990 to 1994 (crude 
annual Incidence Rate Ratio = 0.94; 95% CI = 0.91-0.97) and levelled off after that 
(crude annual IRR = 0.99; 95% CI = 0.98-1.00). In contrast, the major changes in the 
health services variables were observed in the years 2000-2006 (Table 1). 
A total of 9480 suicides distributed over the five health regions in Norway were 
observed during the period 1990-2006. As Tables 3 and 4 show, all of the variables 
that measured resources in specialist mental health services were unrelated to male 
and female suicide mortality when adjusted for competing explanatory factors 
(adjusted P > 0.05).
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Among women, the variables that best explained the variation in suicide mortality 
were health region, sales of alcohol (adjusted P = 0.01) and sales of antidepressants 
(adjusted P = 0.03) (Table 3). The highest suicide mortality was observed in the 
health region ‘East,’ whereas health region ‘Mid’ (adjusted incidence rate ratio = 
0.68; 95% CI = 0.60-0.78) had the lowest suicide mortality. A one-unit (one litre pure 
alcohol per inhabitant per year) increase in sales of alcohol predicted a 41% increase 
in suicide mortality (adjusted IRR = 1.41; 95% CI = 1.18-1.72), and a one-unit (one 
defined daily doses/1000 inhabitants/day) increase in sales of antidepressants 
predicted a 2% decline in suicide mortality (adjusted IRR = 0.98; 95 % CI = 0.97-
1.00). As can be seen by the test statistics in Table 3, the computed Poisson model 
had a good data fit (P = 0.27). 
Among men, the variables that best explained the variation in suicide mortality were 
health region, education (adjusted P = 0.01) and unemployment (adjusted P = 0.01) 
(Table 4). The highest suicide mortality was observed in the region ‘East’; whereas 
health region ‘North’ (adjusted IRR = 0.33; 95% CI = 0.18-0.58) had the lowest 
suicide mortality. A one unit (1%) increase in the proportion of men with college or 
university education predicted a 14% decline in suicide mortality (adjusted IRR = 
0.86; 95% CI = 0.79-0.94), and a one unit (1%) decline in the proportion unemployed 
men predicted a 9% decline in suicide mortality (adjusted IRR = 0.91; 95% CI = 
0.85-0.97). As can be seen by the test statistics in Table 4, the computed Poisson 
model had a good data fit (P = 0.40). 
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To control for a potential collinearity problem, we computed an adjusted model in 
which each of the five health services variables separately were included (not shown). 
None of the health services variables were statistically related to female or male 
suicide mortality (adjusted P > 0.05). We also computed a model with complete 
national data (not shown). None of the five mental health services variables were 
statistically associated with reduced suicide mortality for men or women (adjusted P 
> 0.05). 
Discussion
The aim of this study was to investigate whether increased mental health services 
resources had an impact on suicide mortality in the five Norwegian health regions in 
the period 1990-2006. Although substantial changes in mental health services 
resources were observed (Table 1), female and male suicide mortality were 
statistically unrelated to these changes (adjusted P > 0.05) (Tables 3 and 4).  
Despite the observed decline in hospital beds, the number of discharges increased by 
113% in the study period, which can be explained by the decline in the number of 
inpatient days. The additional increase in outpatient consultations and man-labour 
years by all personnel indicates that more patients were treated throughout the period. 
It can be argued that shortened length of stays increases the risk of incomplete 
recovery and may explain the excess suicide risk generally observed in the immediate 
post-discharge period [34]. However, the data in the present study did not indicate 
increased suicide risk due to reduction in inpatient days. 
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Several of the adjustment variables were significantly associated with suicide 
mortality. Among females, increased sales of antidepressants were associated with a 
decline in suicide mortality (adjusted P = 0.03); whereas increased sales of alcohol 
were associated with an increase in suicide mortality (adjusted P = 0.01).  Among 
males, increased level of college and university education were associated with a 
decline in suicide mortality (adjusted P = 0.01), whereas declined level of 
unemployment was associated with a decline in suicide mortality (adjusted P = 0.01). 
Crude differences in male and female suicide mortality were observed across the 
health regions. Among females theses differences do not alter in the adjusted 
analysis; whereas adjustments for educational level and the level of unemployment 
impact the regional differences among males. We do not know why these crude 
regional differences in female and male suicide mortality exist. 
The present study should be interpreted with caution because statistical associations 
can be masked by the fact that we may have failed to adjust for relevant confounders. 
Another shortage in the present study was that we only had one variable that directly 
measured the increased resources in outpatient services. Due to the process of 
downsizing traditional psychiatric hospitals, present mental health services policy 
favours active outpatient treatment. Thus, the negative findings may be due to 
restricted measurements on outpatient mental health services. Further, the increased 
resources in child and adolescent mental health services, which were not addressed in 
this study, may pay off in suicide rates later on. Finally, it is important to be aware 
that associations at the individual level cannot be deduced from an ecological study 
design.
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Our findings are in line with a recently published cross-national ecological study [35]. 
This study showed no relation between suicide rates and mental health funding, 
service provision and national policies on mental health. Further, in an ecological 
study from the United Kingdom, Lewis and co-workers [36] examined the association 
between suicide standardized mortality ratios and the provision of mental health 
services. The results showed that higher quantity of provision was not negatively 
associated with suicide standardized mortality ratios. In addition, our findings are in 
line with a prospective multi-level study from the United States, in which the 
researcher found no association between variation in patterns of service delivery at the 
system level and suicide risk [37]. However, there are ecological studies that have 
reported associations between various measurements of mental health services 
provision and suicide rates [16, 20, 21], e.g. Kapusta [21] and co-workers found that 
both sales of antidepressants and density of psychotherapists were negatively 
associated with suicide rates. 
It is undisputable that the Norwegian mental health services have been strengthened 
in quantitative terms. However, little is known about the content of the treatment 
given and thus the quality and effectiveness of the treatment [18]. Hence, we do not 
know if more patients during this period were successfully treated. In addition, there 
has not been developed varied interdisciplinary outpatient services that are specialised 
in handling suicidal patients. 
Far from all suicidal mental health patients are receiving treatments proven to have a 
suicide preventive effect. A recent health technology assessment (review of the 
literature) of the effects of mental health services interventions for the prevention of 
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suicide found that few interventions were specifically tailored to reduce suicidality 
[38]. Most of the studies examined in the assessment evaluated the effect of treatment 
related to mental illness per se. Further: “the inclusion and exclusion criteria were not 
always well described and in a number of studies individuals with high suicide risk 
were not included” [30]. This strategy, according to which suicidality is 
conceptualized as a symptom of mental illness and prevention of suicide requires 
treatment of the underlying disease, has come under increasing criticism [14, 39, 40]. 
An alternative strategy has been proposed, namely, a focus on suicidality as the 
primary clinical target, in which suicidal behaviour and its causes are addressed 
directly [14, 39]. In this approach, the individual is seen as primarily suicidal with 
various sub-symptoms of mental illness in need of treatment [14]. 
Because suicide is a multi-factorial phenomenon, it is also reasonable to infer that 
effective suicide prevention strategies need to be broader than the focus on treatment 
of mental disorders. For example, public health prevention strategies that have aimed 
at restricting suicide means [41-43], toning down media reports [44], and restricting 
alcohol [45] have been shown to be successful. Multidisciplinary approaches to 
suicide research and prevention are needed – that is, research teams with “a balanced 
composition between biologically and psychologically oriented investigators” [2], 
and there is a “need to evaluate also other concomitant factors such as socio-
economic, cultural, and religious aspects” [2]. 
A multidisciplinary approach does not preclude the priority of suicide prevention 
among psychiatric patients, who constitute a group at increased risk, but treatment 
ought to target suicidality more specifically. 
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Conclusions
Mental disorders are strongly associated with increased suicide risk. Thus, successful 
treatment may prevent suicide, and a greater number of treated individuals may 
impact the suicide rate. In this study we observed a substantial increase in mental 
health services resources in Norway during the period 1990-2006. However, the 
adjusted analyses indicated that these changes were statistically unrelated to female 
and male suicide mortality.  
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Figures
Figure 1
Suicide rate per 100 000 inhabitants by sex in the period 1990-2006 
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Tables 
Table 1 Changes in national suicide mortality per 100,000 inhabitants and 
changes in explanatory variables at the national level by period. Rate ratios are 
given in parentheses. 
Variables 1990-1994 (RR) 1995-1999 (RR) 2000-2006 (RR) 1990-2006 (RR) 
Suicide mortality 15.5-12.2 (0.79) 12.6-13.1 (1.04) 12.1-11.4 (0.94) 15.5-11.4 (0.74) 
Discharges1 6.2-6.9 (1.11) 7.5-9.2 (1.23) 9.9-13.2 (1.33) 6.2-13.2 (2.13) 
Outpatient cons.1 83-122 (1.47) 128-148 (1.16) 154-267 (1.73) 83-267 (3.22) 
Beds1 2.4-2.0 (0.83) 1.9-1.7 (0.89) 1.7-1.4 (0.82) 2.4-1.4 (0.58) 
Bed-days1 774-631 (0.82) 617-563 (0.91) 545-440 (0.81) 774-440 (0.57) 
Man-labour years1 3.98-3.83 (0.85) 3.88-4.09 (1.05) 4.13-4.61 (1.12) 3.98-4.61 (1.16) 
Antidepressants2 11.6-17.8 (1.53) 22.5-36.1 (1.60) 41-52.5 (1.28) 11.6-52.5 (4.53) 
Alcohol3 4.99-4.74 (0.95) 4.79-5.45 (1.14) 5.66-6.46 (1.14) 4.99-6.46 (1.29) 
Education 4 12.2-14.2 (1.17) 14.8-16.7 (1.13) 16.9-19.5 (1.15) 12.2-19.5 (1.60) 
Unemployment 5 5.2-5.4 (1.04) 4.9-3.2 (0.65) 3.4-3.5 (1.03) 5.2-3.5 (0.67) 
1Per 1000 inhabitants 
2Defined daily doses (DDD)/1000 inhabitants/day 
3Sales of pure alcohol in liters per inhabitant above the age of 15 
4College and university education per 100 above the age of 16 
5Unemployed per 100 (age 15-74) 
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Table 2  Regional figures of suicide mortality per 100,000 inhabitants in the 
period 1990-2006; regional figures of five health services variables per 1000 
inhabitants in the period 1998-2006; regional figures of the percentage with 
college and university education and regional figures of the percentage 
unemployed in the period 1990-2006. Rate ratios are given in parentheses 
Variables East-region (RR) South-region (RR) West region (RR) Mid-region (RR) North-region (RR) 
Suicide mortality 
Men 26.8-16.8 (0.63) 28.7-18.6 (0.68) 14.8-16.8 (1.14) 30.3-21.5 (0.71) 22.8-15.5 (0.68) 
Women 10.7-6.3 (0.59) 9.3-8.1 (0.87) 4.2-5.2 (1.24) 5.2-3.9 (0.75) 7.5-5.7 (0.76) 
Outpatient consul. 145-264 (1.8) 131-306 (2.3) 125-224 (1.8) 138-286 (2.1) 155-260 (1.7) 
Man-labour years 4.2-5.1 (1.21) 3.4-3.8 (1.12) 4.1-4.5 (1.10) 3.9-4.2 (1.07) 4.0-4.7 (1.18) 
Discharges 6.9-12 (1.74) 9.3-12.3 (1.32) 8.8-13 (1.48) 9.5-13.4 (1.41) 9-14.8 (1.64) 
Beds 1.8-1.5 (0.83) 1.7-1.1 (0.65) 1.9-1.5 (0.79) 1.7-1.3 (0.76) 1.2-1.2 (1.0) 
Bed-days 588-479 (0.82) 532-347 (0.65) 650-472 (0.73) 564-385 (0.68) 372-368 (0.99) 
Education 
Men 16.3-21.9 (1.35) 11.6-16.3 (1.41) 12.4-17.3 (1.40) 11.2-16.5 (1.47) 9.8-14.4 (1.47) 
Women 13.6-23.2 (1.70) 9.6-18.0 (1.88) 10.7-20.2 (1.89) 9.7-19.4 (2.0) 9.1-18.5 (2.0) 
Unemployment 
Men 2.5-2.1 (0.84) 2.7-1.4 (0.52) 2.9-1.1 (0.38) 2.4-1.3 (0.54) 3.0-2.0 (0.67) 
Women 1.4-1.3 (0.92) 1.5-1.3 (0.87) 2.0-1.2 (0.60) 1.9-1.3 (0.68) 1.8-1.4 (0.78) 
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Table 3 Poisson regression models of suicide mortality among Norwegian 
females, with secondary mental health services effect estimates adjusted for 
annual trends, health regions, sales of antidepressants, sales of alcohol, 
education and unemployment.
Crude analysis Adjusted analysis I1 Adjusted analysis II2
Variables 
IRR 95% CI IRR 95% CI IRR 95% CI 
Year (1990-2006) 0.99* 0.981-0.996 1.08 0.912-1.289 1.00 0.957-1.053 
Health region 
East-region 1 1 1
South-region 0.98 0.883-1.084 0.74 0.301-1.831 0.98 0.883-1.085 
West-region 0.71* 0.638-0.800 0.56 0.300-1.058 0.71* 0.638-0.801 
Mid-region 0.68* 0.599-0.780 0.52 0.236-1.142 0.68* 0.599-0.779 
North-region 0.79* 0.682-0.905 0.57 0.234-1.400 0.78* 0.681-0.904 
Outpatient consul. 1.00 0.999-1.000 1.00 0.992-1.001 
Man-labour years 1.01 0.899-1.132 1.00 0.752-1.317 
Discharges 0.97* 0.952-0.988 1.00 0.920-1.076 
Beds 1.19* 1.057-1.343 0.94 0.477-1.870 
Bed-days 1.00* 1.000-1.001 1.00 0.997-1.002 
Antidepressants 1.00* 0.993-0.999 0.97* 0.944-0.992 0.98* 0.967-0.998 
Alcohol 0.95 0.887-1.011 1.76* 1.222-2.543 1.41* 1.177-1.715 
Education 0.99 0.883-1.113 0.95 0.776-1.153 
Unemployment 1.00 0.990-1.013 1.11 0.914-1.339 
*P < 0.05 1Goodness-of-fit 
chi2 = 80.4 
2Goodness-of-fit 
chi2 = 84.0 
Prob > chi2(70) = 0.19 Prob > chi2(77) = 0.27 
- 24 - 
Table 4 Poisson regression models of suicide mortality among Norwegian 
males, with secondary mental health services effect estimates adjusted for 
annual trends, health regions, sales of antidepressants, sales of alcohol, 
education and unemployment
Crude analysis Adjusted analysis I1 Adjusted analysis II2
Variables 
IRR 95% CI IRR 95% CI IRR 95% CI 
Year (1990-2006) 0.98* 0.973-0.982 1.07 0.988-1.159 1.02 0.996-1.045 
Health region 
East-region 1 1 1
South-region 1.09* 1.025-1.163 0.40* 0.200-0.799 0.46* 0.299-0.717 
West-region 0.79* 0.741-0.851 0.32* 0.176-0.580 0.38* 0.260-0.553 
Mid-region 1.25* 1.168-1.335 0.44* 0.212-0.907 0.51* 0.321-0.802 
North-region 1.00 0.922-1.083 0.28* 0.114-0.690 0.33* 0.184-0.581 
Outpatient consul. 1.00* 0.998-1.000 1.01 0.998-1.003 
Man-labour years 0.76* 0.709-0.818 0.89 0.750-1.048 
Discharges 0.96* 0.946-0.967 1.00 0.950-1.056 
Beds 1.30* 1.215-1.399 1.15 0.785-1.700 
Bed-days 1.00* 1.000-1.001 1.00 0.999-1.003 
Antidepressants 0.99* 0.991-0.994 1.00 0.985-1.012 
Alcohol 0.85* 0.818-0.884 0.91 0.738-1.131 
Education 0.98* 0.968-0.982 0.83* 0.722-0.942 0.86* 0.785-0.940 
Unemployment 1.11* 1.075-1.147 0.92* 0.859-0.985 0.91* 0.849-0.966 
*P < 0.05 1Goodness-of-fit 
chi2 = 73.2 
2Goodness-of-fit 
chi2 = 79.5 
Prob > chi2(70) = 0.37 Prob > chi2(77) = 0.40 
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Abstract
Background 
Individuals who have previously attempted suicide are at greater risk of subsequent 
suicidal behaviour. Since 1983, a community-based suicide prevention team has been 
operating in the municipality of Bærum, Norway. This study aimed to test the 
effectiveness of the team’s interventions in preventing repeated suicide attempts and 
suicide deaths, as part of a chain of care model for all general hospital treated suicide 
attempters.  
Methods
Data has been collected consecutively since 1984 and a follow-up was conducted on 
all individuals who were admitted to the general hospital after a suicide attempt. The 
risk of a repeated suicide attempt and suicide were comparatively examined in those 
subjects who received assistance from the suicide prevention team in addition to 
‘treatment as usual’, and in those who only received ‘treatment as usual’. Logistic 
regression and Cox regression were used to analyse the data. 
Results
Between January 1984 and December 2007, 1,616 subjects were registered as having 
attempted suicide; 197 of them (12 %) made another attempt within 12 months. 
Compared to subjects who did not receive assistance from the suicide prevention team, 
individuals involved in the prevention program did not have a significantly different 
risk of a repeated attempt within six months (adjusted OR = 1.08; 95% CI = 0.66-
2
  
1.74), twelve months (adjusted OR = 0.86; 95% CI = 0.57-1.30), or five years 
(adjusted RR = 0.90; 95 % CI = 0.67-1.22) after their first recorded attempt. Nor did 
we find any differences in the risk of committing suicide (adjusted RR = 0.85; 95% CI 
= 0.46-1.57). Previous suicide attempts, marital status and employment status were 
significantly associated with a repeated suicide attempt within six and twelve months 
(p < 0.05). Within five years, alcohol misuse, employment status, and previous suicide 
attempts were significantly associated with a repeated attempt (p< 0.05); in contrast, 
marital status became non-significant (p > 0.05). With each year of age, the risk of 
suicide increased by 3% (p < 0.05). 
Conclusions
The present study did not find any differences in the risk of fatal and non-fatal suicidal 
behaviours between subjects who received assistance from the community suicide 
prevention team in addition to ‘treatment as usual’ and subjects who received only 
‘treatment as usual’. However, assistance from the community team was mainly 
offered to attempters who were not receiving sufficient support from ‘treatment as 
usual’, and was accepted by 50-60% of those deemed eligible. Thus, obtaining similar 
outcomes for individuals, all of whom were clinically judged to have different needs, 
could in itself be considered a desirable result. 
Key words 
Suicide attempt, repetition, community-based programs, suicide prevention team.  
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Background
Attempted suicide is a serious public health problem. The National Co-morbidity 
Study reported a life-time prevalence of 4.6 % for this phenomenon [1], a figure 
substantially similar to the one derived from a large Australian community survey 
(4.2%) [2]. Furthermore, the risk of subsequent suicidal behaviour is substantial: about 
15 % of those who attempt suicide repeat the act within one year [3]. Further, the 
suicide risk for males and females who have previously attempted suicide has been 
reported to be 55 and 77 times that of the general male and female population, 
respectively [4]. Consequently, effective after-care strategies aimed at individuals who 
have attempted suicide are important [5]. 
Although various psychosocial and pharmacological treatments in preventing 
subsequent suicidal behaviour have been developed, the evidence-based knowledge of 
which treatments or strategies are most effective is limited [6-9].  Due to the low rate 
of suicide, it is difficult to test the effectiveness of intervention strategies that aim to 
prevent suicide among suicide attempters [9-11]. For example, given that the risk of 
committing suicide in this group is 2.8%, Gunnell and Frankel [6] estimated that a 
total sample size of almost 45,000 subjects would be needed to demonstrate a 15% 
reduction of suicide risk. Therefore, a repeated suicide attempt has been used as a 
reasonable proxy because it occurs more frequently and it is strongly related to suicide 
[9-12]. Further, a repeated suicide attempt is obviously an outcome that should be 
prevented. It indicates consistent distress for the individual and results in considerable 
health care costs [9]. However, limited sample size has been a frequent issue in studies 
that have considered repeated suicide attempts as outcome measure. Consequently, a 
4
  
very limited number of investigations have managed to detect clinically meaningful 
and statistically significant intervention’s effects [9]. 
Recently, Hvid and Wang [13] published a study on the effectiveness of an outreach 
intervention aimed at individuals who had attempted suicide. They found that 
individuals in the intervention group, who were offered follow-up care by a rapid 
response outreach program, had a lower rate of repeated suicide attempts than the 
control group (RR = 0.43; 95% CI = 0.23-0.80). Some other studies have also 
indicated the effects of interventions that practice active outreach and contact 
maintenance on a regular basis after a person attempts suicide [14-17]. In Norway, a 
suicide intervention model, similar to the one studied by Hvid and Wang, has been in 
effect since 1983 in a municipality outside the capital. This intervention is community-
based and flexibly serves the individual by creating a multi-targeted, coordinated and 
long lasting chain of care. The objective of the present study was to investigate if 
individuals assisted by a suicide prevention team organised by the community health 
services had a similar risk of repeated suicide attempts and/or suicide than individuals 
who were not assisted by this team, but referred for “treatment as usual.” 
METHODS
The Bærum Model 
A rapid-response intervention is created through collaboration between the general 
hospital of Asker and Bærum, the municipal suicide prevention team and community 
health and social services located in the municipality of Bærum. On presentation at the 
5
  
hospital or emergency unit, patients receive acute life-saving treatment and medical 
monitoring. Consequently, a hospital-based suicide prevention team, including social 
workers and a liaison psychiatrist, is notified. This team helps the patients through 
crisis intervention and evaluates the patients’ psychosocial functioning and risk for 
suicide. Appropriate measures are then taken with the patients’ cooperation. These 
measures can include referrals to psychiatric inpatient and various outpatient services, 
including mental health treatment, substance abuse treatment, family counselling and 
various social services. 
All patients that are not immediately admitted to psychiatric inpatient treatment are 
evaluated for referrals to the community suicide prevention team. Only a few of those 
patients admitted to inpatient mental health treatment receive community suicide 
prevention team services (28 in the present study). The community team and the 
hospital team collaborate to ensure a joint evaluation of the situation, to make 
appropriate referrals, and to make all parts of the follow-up effective as soon as 
possible. Main patient groups eligible for referrals to the suicide prevention team are 
as follows: 
 Patients in need of outpatient health and social services that are not established by 
the hospital team 
 Patients in ongoing outpatient treatment who are in need of extra support 
 Patients and family or other who are in relational conflicts and in need of extra 
support
 Patients who have previously dropped out of mental health treatment and need to 
be motivated to reappoint.  
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The community suicide prevention team includes public health nurses and a 
psychologist. The nurses organise the work in relation to patients, in consultation with 
the psychologist. A particular emphasis is placed on the suicidal person’s need for a 
supportive helper. On average, 50 – 60% of the attempters deemed eligible for the 
community team is referred to this follow-up yearly. 
If patients agree to be assisted by this team, a public health nurse contacts them shortly 
after discharge. A telephone call is made, preferably the day of discharge or the day 
after. An agreement is made on when and where to meet, and in most cases the 
agreement is that the nurse is making a home visit within a few days. These nurses act 
as “ombudsmen” [18]: the main aim is to ensure that the patients are given sufficient 
follow-up care by specialist mental health services or community health/social 
services within an acceptable period of time following hospital discharge. Further, the 
nurse motivates the patient to accept treatment and better adhere to treatment 
appointments. If patients drop out of treatment, the nurse tries to recuperate them back 
into treatment or establishes a more suitable therapeutic plan in collaboration with the 
patient and the health services.
In addition, the nurse fulfils the role of looking after the patient in between hospital 
discharge and established aftercare. The nurse gives the patient “psychological first 
aid”, problem-solving counselling, and activates the patient’s social network. 
Although the main aim is reached when a treatment program is established, the patient 
is followed-up by the nurse for approximately one year to secure continuity, treatment 
compliance and social support. Most of the contact will be phone calls, ranging from 
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several times a week in the beginning, to a monthly call at the end of the follow-up 
period.
The intervention offered by this team is not regarded as stand-alone treatment, but 
rather as a service offered in addition to established health and social services; it is not 
a substitute of any other health services. If the standard follow-up treatment is deemed 
to be sufficient, the community team is not activated. Patients are in any case free to 
reject assistance from the community team. 
Data
The data set comprised of unselected individuals, who were residents of the 
municipality of Bærum and admitted to the general hospital after a suicide attempt 
between 1st January 1984 and 31st December 2008. The municipality of Bærum is a 
suburb located on the outskirts of Oslo, the capital of Norway [19]. Compared to the 
national average, Bærum is characterised by a higher population density, a higher 
income and education level for both men and women, and a lower unemployment rate. 
In 1984, the population of Bærum, aged above 15 years, was 71,237 (34,306 males 
and 36,931 females); in 2008, it was 80,368 (38,463 males and 41,905 females). 
Data were collected in two stages. Firstly, data on individuals who had made a suicide 
attempt were consecutively collected from 1984 [20] using records from the local 
hospital in Bærum and the Municipal Health Services office. A quality control auditing 
was performed by rechecking all entered data. The definitional criteria for ‘attempted 
suicide’ were similar to those of ‘parasuicide’ used in the WHO/EURO Multicentre 
Study on Suicidal Behaviour: “An act with nonfatal outcome, in which an individual 
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deliberately initiates a non-habitual behaviour that, without intervention from others, 
will cause self-harm, or deliberately ingests a substance in excess of the prescribed or 
generally recognised therapeutic dosage, and which is aimed at realising changes 
which the subject desired via the actual or expected physical consequences”[21]. 
Secondly, data on mortality of all causes were collected by linking the personal 
identifier of individuals who had made a suicide attempt to the computerised Causes-
of-Death Registry at Statistics Norway. This registry has an almost complete 
registration of causes of death. Prior to 1986, causes of deaths were classified 
according to the International Classification of Diseases Eight Revision (ICD-8), 
from1986-1995 according to the ICD-10 and from 1996 onwards according to the 
ICD-10.The last date of mortality information in the present data set was 31 December 
2003.
The outcome variable ‘repeated suicide attempt’ was defined as a new record of 
suicide attempt within six months, twelve months and five years after the index 
attempt. The index attempt refers to the first recorded suicide attempt. In order to be 
recorded, the reattempt had to lead to emergency unit or hospital admittance in Asker 
& Bærum. Variables entered into the analyses at the time of the index attempt were: 
suicide prevention team assistance, age, sex, aftercare referrals, alcohol misuse, 
marital status, employment status, and previous suicide attempts. The classification of 
these variables was based on information from medical records and information given 
by patients when interviewed at the hospital or by personnel in the community health 
services.
9
  
The variable ‘aftercare referrals’ provides information on the type of standard follow-
up treatment given to the individual; it also functions as a proxy measure of the kind 
of problems the attempter is presenting. In the regression analysis, psychiatric out-
patient services, addiction services and family services were grouped together and 
labelled as ‘Psychiatric outpatient services’; psychiatric hospital care was labelled as 
‘Psychiatric hospital care’; and social services, child care, home care, private practice 
psychotherapists, and other forms of care (or any) were grouped together and labelled 
as ‘Other’. 
All Norwegian citizens that are identified as ill have the right to adequate health care 
treatment, as stated by Norwegian health authorities. As a basic principle, health care 
treatment is voluntary. The patient group that did not receive any standard aftercare 
may have been evaluated as not in need of specific aftercare or may have refused the 
recommended treatment. The main motive for referrals to the suicide prevention team, 
which is not defined as health care treatment in terms of Norwegian law, is as follows: 
all patients who are admitted to the general hospital or emergency unit due to an 
attempted suicide are eligible to be offered assistance by a rapid outreach suicide 
prevention team, organised by the community health services, except patients that 
immediately after discharge are admitted to inpatient psychiatric care. Assistance from 
the suicide prevention team is voluntary; hence, patients are free to refuse it.  
Statistics
Logistic regression analyses were computed to estimate the risk for a repeated suicide 
attempt within 6 and 12 months following the first recorded suicide attempt. Cox 
regression analyses were computed to estimate the risk for a repeated suicide attempt 
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within 5 years of follow-up and to estimate the risk for suicide. In the Cox regression 
analyses, the individuals were followed for different lengths of time. When the 
outcome was a repeated suicide attempt, the period of risk was estimated in months 
from the date of the first recorded suicide attempt to the occurrence of a new attempt, 
or to the end of the five year follow-up period or to the end of the study (December 
2008), whichever happened first. When the outcome was suicide, the period of risk 
was estimated in months from the date of the first recorded suicide attempt to death by 
all causes or to the end of study (December 2003), whichever happened first. 
In order to perform this investigation, permission was obtained from the Norwegian 
Data Inspectorate, The Regional Committee for Medical Research Ethics and the 
Norwegian Directorate of Health. Further, a Data Handling Treaty between the 
Hospital of Asker & Bærum and the Norwegian Institute of Public Health was 
obtained.
Results  
Between January 1984 and December 2007, 1,616 individuals were registered for a 
suicide attempt. Of these, 197 (12.2%; 95% CI = 10.6-14.0) repeated the attempt 
within 12 months of follow-up. Among the 1,616 individuals, 1,311 were eligible for 
an evaluation to be referred to the suicide prevention team. Information on whether 
these received assistance from the suicide prevention team was recorded for 1,304 
individuals (missing = 7); 675 (52%) of them did actually receive the assistance (Table 
1 and 2). Of these, 531 (79%) were also referred to other types of health or social 
services, while 140 (21%) were not referred to such services (missing = 4). Among the 
629 (48%) individuals who did not receive assistance from the team, 435 (69%) were 
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referred to other types of health or social services, while 172 (27%) were not referred 
to such services (missing = 22) (Table 2). 
Among the 675 individuals who received assistance from the suicide prevention team, 
60 (9%) repeated an attempt within six months of their index episode, and 80 (12%) 
repeated within twelve months; 47 (7%) of those who did not receive assistance from 
the team repeated within six months and 70 (11%) repeated within twelve months 
(Table 2). As seen in Table 3, the odds ratio (OR) of a repeated suicide attempt within 
six months (adjusted OR = 1.14) and twelve months (adjusted OR = 0.93) were not 
significantly associated with the suicide prevention team variable, or the other 
aftercare options.
Previous suicide attempts, marital status and employment status were significantly 
associated with a repeated suicide attempt within both six and twelve months (P<
0.05) (Table 3). Individuals who made several suicide attempts prior to their index 
attempt had more than two-times the increased odds ratio of a consequent suicide 
attempt within both six months and twelve months. Being married/cohabitant and 
being a student/pupil were associated with a significantly reduced odds ratio of a 
consequent suicide attempt within both six and twelve months. 
Data were also analysed separately for men and women. Neither men nor women who 
received assistance from the suicide prevention team had a reduced adjusted odds ratio 
of a repeated suicide attempt (suicide attempt repeat within twelve months for women: 
adjusted OR = 0.69; P < 0.14). 
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The suicide prevention team’s working routines were reshaped and improved in 1998. 
Therefore we studied if there were any differences between the periods by analysing 
the periods 1984-1997 and 1998-2007 separately. No significant differences emerged. 
Finally, we analysed the odds of a third suicide attempt being made within twelve 
months from the second attempt. Again, no differences were detectable in relation to 
the suicide prevention team variable (adjusted OR = 1.37; P > 0.05). 
In Table 4, Cox regression analyses were computed in order to study if the suicide 
prevention team influenced suicide attempt repetition within a five-year follow-up 
period. It was found that receiving assistance from the suicide prevention team was 
not significantly associated with a repeated suicide attempt (adjusted RR = 0.90; P>
0.05). In general, being a student/pupil (adjusted RR = 0.47; P< 0.05) significantly 
reduced the risk; several previous suicide attempts (adjusted RR = 2.20; P< 0.05) and 
alcohol misuse (adjusted RR = 1.59; P< 0.05) increased the risk. 
We also computed analyses in which patients admitted to inpatient psychiatric care 
were included, in total 1616 subjects. Assistance from the community team was given 
to very few in the inpatient group. The results showed that receiving assistance from 
the suicide prevention team was not significantly associated with a repeated suicide 
attempt within 6 months (adjusted OR = 1.14; P >0.05), 12 months (adjusted OR = 
0.93; P > 0.05) or 5 years (adjusted RR = 0.94; P > 0.05) of follow-up. 
Between 1984 and 2003, a total of 247 deaths among 1,422 individuals were recorded. 
Of these, 55 (22%) were caused by suicide. Among the 1,422 individuals, it was 
possible to follow the risk of committing suicide within 1 year for 1,357 subjects, and 
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within 9 years for 895 subjects. No significant differences in suicide risk were 
observed between the two groups within 1 year – the rate ratio (RR) was 0.33 (95% CI 
= 0.09-1.25) and 9 years of follow-up (RR = 0.73; 0.36-1.48), respectively. After 
adjustments for concurrent variables (Table 5), there was no significant difference in 
suicide risk between patients who were assisted by the suicide prevention team and 
patients who were not (adjusted RR = 0.85; 95% CI = 0.46-1.57). Age was 
significantly associated with suicide mortality: each year increased the risk for suicide 
by 1.03 times (95 % CI = 1.01-1.04).  
Discussion
The objective of the present study was to investigate if there was any difference in the 
risk of repeated suicide attempt and/or suicide, depending on whether suicide 
attempters received assistance from a suicide prevention team in addition to treatment 
as usual or not. When compared to individuals who were not assisted in the same way, 
a significantly reduced risk of a repeated suicide attempt was not observed at six or 
twelve months or at five years. The results were similar in the crude and the adjusted 
analyses. Neither did we observe a significantly reduced suicide risk among 
individuals who were assisted by the suicide prevention team. 
Previous suicide attempts, marital status and employment status were significantly 
associated with a repeated suicide attempt within both six and twelve months (P<
0.05). Individuals who had made several suicide attempts prior to their index attempt 
had more than two-times the increased (adjusted) odds ratio of a repeated suicide 
attempt, at both six months and twelve months. Being married/cohabitant and being a 
student/pupil were associated with reduced adjusted odds ratio of a repeated suicide 
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attempt for the same time intervals. At five-year follow-up, alcohol misuse and gender 
were significantly associated with repeated attempt, whereas marital status became 
non-significant. Male gender and being a student/pupil reduced the risk by 19 % and 
53 % respectively; several previous suicide attempts and alcohol misuse increased the 
risk by 2.20 and 1.59 times, respectively. Thus, in the present study, a history of 
previous suicide attempts was the strongest predictor for both short– and long-term 
repeated suicide attempts. A similar finding was also documented by other researchers 
[3, 13, 22]. Regarding suicide, only age was significantly associated with suicide 
mortality:  the risk was increasing by 3 percent for each year. Older age is a well 
known risk factor reported in the literature for subsequent suicide in individuals who 
have previously attempted [23, 24]. 
To determine with the highest level of scientific certainty the effectiveness of 
interventions, studies need to be designed as randomised-controlled trials. Due to 
ethical and practical reasons, the present study had a naturalistic design. The Bærum 
Model implies an individual evaluation of needs, and assistance by the community 
suicide prevention team may not be relevant for all eligible patients. Thus, 
randomization to community team or not would break with the clinical guidelines for 
the model and the health care personnel. Consequently, patients were not randomised 
to either intervention or control in our study, nor did we have data on a comparable 
control group prior to the start of the intervention in 1983. Thus, the lack of control 
group in our study makes us unable to firmly conclude in one direction or the other, 
but we simply state that there were no detectable differences in risk for repeated 
attempts and suicide between individuals who did or did not receive assistance from 
the suicide prevention team. Regression analyses can only adjust for confounders, 
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while selection bias can only be handled by randomisation. Both self-selection by 
patients and selection by health care personnel may have biased our study. Patients 
were free to choose whether to accept or not the assistance offered by the suicide 
prevention team. On the other hand, health care personnel could choose not to offer 
team assistance when circumstances were considered as inappropriate or of no 
particular concern. Consequently, these types of selection may have influenced 
obtained results. On the other hand, in line with the philosophy of the Bærum model, 
one would expect that an efficient model of referral and care eventually permit suicide 
attempters - with or without the assistance of the community team – to obtain the same 
prognosis in terms of suicidal behaviour repetition, either fatal or non-fatal. 
Further, it was assumed that all interventions carried out at the hospital level were 
similar. As described above, a suicide prevention team including social workers and a 
psychiatrist is activated at the hospital immediately after emergency treatment is 
provided. All individuals who have attempted suicide, and are admitted to a medical 
ward, receive crisis intervention at the hospital. Appropriate measures are evaluated 
with the patient’s cooperation before further referrals are made. This sequence of 
interventions may have per se a protective effect on future suicidal behaviour; as a 
matter of fact, in Bærum the total incidence of repeated suicide attempts was 12% 
(95% CI = 10.7 to 14.1). This is significantly below the average repeated suicide 
attempt rate of about 15% reported in a systematic review by Owens et al [3]. In the 
same study, Owens et al reported a suicide mortality rate between 0.5% and 2% one 
year after the suicide attempt and above 5% after nine years. The figures for Bærum 
were fairly similar: 1.1% (95% CI = 0.67-1.83) after one year, but 4.6% (95% CI = 
3.37-6.22) after nine years. 
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The positive outcomes described by Hvid and Wang [13] happened in a context that 
might be comparable to the Norwegian Bærum model. However, their study involved 
a quasi-experimental design, which was not possible to endorse in the present 
investigation. Perhaps in the future, in Norway, it will be feasible comparing the 
incidence of repeated suicide attempts in hospitals with and without a chain of care 
structure [25]. Variables such as compliance to treatment [26] and quality of life 
should be controlled in order to verify their possible impact of chain of care 
interventions [25]. 
Conclusions
This study did not detect significant differences in the risk of subsequent suicidal 
behaviour between subjects whose aftercare involved a suicide prevention community-
based service in addition to treatment as usual and those who were only followed by 
treatment as usual. Apparently disappointing, this result might actually indicate that 
the chain of care model is at least able to render indistinguishable – in terms of 
outcomes - subjects who are judged as more needy from those who are less needy. Of 
course, only a randomized–control trial could provide evidence of the effectiveness of 
the Bærum model. Within twelve months, an incidence of 12% for repeated suicide 
attempts was observed in the municipality of Bærum (psychiatric inpatients included), 
a figure slightly lower than the 15 % reported in the literature. Whether this relatively 
lower incidence is related or not to the suicide prevention system in operation at 
hospital and community level remains unclear. 
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Tables 
Table 1  - Repeated suicide attempts within 12 months by sex and suicide prevention 
team
Men Woman Total 
Suicide
prevention 
team 
N Cases (%) N Cases (%) N Cases (%) 
Yes 182 26 (14) 493 54 (11) 675 80  (12) 
No 231 20  (9) 398 50 (13) 629 70  (11) 
Total 413 46 (11) 891 104 (12) 1304 150 (12) 
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Table 2  - Characteristics of the index attempt by suicide prevention team. 
No suicide
prevention team 
assistance
Suicide prevention 
team assistance Total
Variables N = 629; 48 % N = 675; 52 % N = 1304
Aftercare referrals 
  
None 172 55% 140 45% 312
Psychiatric out-patient 111 44% 143 56% 254
Addiction services 63 39% 100 61% 163
Family services 35 24% 109 76% 144
Social services 6 18% 27 82% 33
Home care 61 78% 17 22% 78
Private Psychotherapist 47 42% 66 58% 113
Child care 34 64% 19 36% 53
Other 78 61% 50 39% 128
Missing 22 85% 4 15% 26
Sex
Male 231 56% 182 44% 413
Female 398 45% 493 55% 891
Missing 0 0% 0 0% 0
Age
15-19 99 44 % 124 56 % 223
20-29 150 46 % 177 54 % 327
30-39 120 51 % 117 49% 237
40-49 103 45% 129 55% 231
50-59 61 48% 67 52% 128
60+ 95 60.5% 62 39.5% 157
Missing 1 100% 0 0% 1
Previous attempts 
None 339 42% 462 58% 801
One 93 42% 128 58% 221
Several 40 38% 65 62% 105
Missing 157 89% 20 11% 177
Alcohol misuse 
No 513 49.5% 524 50.5% 1037
Yes 116 43% 151 57% 267
Missing 0 0 % 0 0 % 0
Marital status 
Married/cohabiting 195 42% 273 58% 468
Single 243 49% 250 51% 493
Widow(er) 34 65% 18 35% 52
Divorced/separated 84 39% 131 61% 215
Missing 73 96% 3 4% 76
Employment status 
Employed 145 32% 307 68% 452
Unemployed/disabled 91 42% 128 58% 219
Student/pupil 88 43% 117 57% 205
Others 112 55% 92 45% 204
Missing 193 86% 31 14% 224
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Table 3  - Logistic regression analysis predicting repeated suicide attempt within 6 
and 12 months after the index attempt, respectively. 
Repeated suicide attempt within 6 months Repeated suicide attempt within 12 months 
Crude analysis Adjusted analysis Crude analysis Adjusted analysis 
Variable 
OR 95% CI OR 95% CI  OR 95% CI OR 95% CI 
Sex
    
Female 1 1 1 1
Male 1.15 0.76-1.75 1.37 0.84-2.23 0.95 0.65-1.37 1.00 0.65-1.56 
Age 1.01 1.00-1.02 1.00 0.98-1.02 1.01 1.00-1.02 1.00 0.98-1.02 
Suicide prevention team 
No 1 1 1 1
Yes 1.21 0.81-1.80 1.08 0.66-1.74 1.07 0.76-1.51 0.86 0.57-1.30 
Previous attempt 
No 1 1 1 1
One 1.41 0.84-2.36 1.41 0.80-2.48 1.37 0.88-2.15 1.30 0.79-2.11 
Several 2.48* 1.38-4.44 2.60* 1.38-4.87 2.60* 1.56-4.33 2.52* 1.45-4.41 
Aftercare referrals 
Others 1 1 1 1
Out-patient 1.24* 1.02-1.52 1.25 0.78-2.01 1.59* 1.13-2.25 1.15 0.94-1.42 
Alcohol misuse 
No 1 1 1 1
Yes 1.66* 1.07-2.59 1.02 0.58-1.79 1.87* 1.28-2.73 1.17 0.72-1.90 
Marital status 
Others 1 1 1 1
Married/cohabitant 0.66 0.43-1.02 0.56* 0.34-0.94 0.74 0.51-1.07 0.62* 0.40-0.96 
Employment 
Employed 1 1 1 1
Unemployed/disabled 1.22 0.73-2.06 0.96 0.54-1.72 1.22 0.77-1.92 1.00 0.60-1.66 
Student/pupil 0.49* 0.24-0.99 0.35* 0.15-0.81 0.45* 0.24-0.84 0.38* 0.18-0.79 
Others 0.92 0.52-1.62 1.05 0.53-2.11 1.00 0.61-1.61 1.07 0.59-1.93 
* P < 0.05 
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Table 4  - Cox regression analysis predicting repeated suicide attempt within 5 years 
after the index attempt. 
Crude analysis Adjusted analysis 
Variable 
RR 95% CI RR 95% CI 
Sex
 
Female 1 1
Male 0.85 0.65-1.13 0.81 0.59-1.13 
Age 1.00 0.99.-1.01 1.00 0.99-1.01 
Suicide prevention team 
No 1 1
Yes 1.16 0.90-1.50 0.90 0.67-1.22 
Previous attempt 
No 1 1
One 1.31 0.94-1.83 1.16 0.81-1.67 
Several 2.75* 1.94-3.91 2.20* 1.50-3.24 
Aftercare referrals 
Others 1 1
Out-patient 1.55* 1.20-2.00 1.22 0.91-1.64 
Alcohol misuse 
No 1 1
Yes 2.02* 1.55-2.64 1.59* 1.14-2.22 
Marital status 
Others 1 1
Married/cohabitant 0.79 0.60-1.03 0.80 0.59-1.09 
Employment 
Employed 1 1
Unemployed/disabled 1.29 0.94-1.78 1.11 0.78-1.58 
Student/pupil 0.46* 0.29-0.73 0.47* 0.28-0.79 
Others 0.73 0.50-1.08 0.76 0.67-1.22 
* P < 0.05 
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Table 5  - Cox regression analysis of suicide mortality rates. 
Cox regression Crude analysis Adjusted analysis 
Variable RR 95% CI RR 95% CI 
Sex
  
Female 1 1
Male 1.48 0.80-2.74 1.50 0.81-2.79 
Age 1.03* 1.01-1.05 1.03* 1.01-1.05 
Suicide prevention team 
No 1 1
Yes 0.76 0.41-1.39 0.85 0.46-1.57 
Previous attempt 
No 1
One 1.56 0.72-3.39 
Several 0.93 0.47-3.95 
Aftercare referrals 
Others 1 1
Out-patient 0.72 0.38-1.35 0.88 0.64-1.21 
Alcohol misuse 
No 1
Yes 1.07 0.51-2.23 
Marital status 
Others 1
Married/cohabitant 1.28 0.67-2.48 
Employment 
Employed 1
Unemployed/disabled 1.48 0.57-3.81 
Student/pupil 0.57 0.16-2.05 
Others 2.82* 1.19-6.66 
* P < 0.05

